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Amended Claims o c « . 
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1. A microbiological determination method, c h a r a c t e r i z e d in, that the bacteria are 
detected from their cultivation medium clearly prior to the peak of the population 
growth using the antigens which the cells express soon after their inoculation to the 
enrichment medium, before the actual growth phase or in the beginning of it. 

2. A method according to the claim 1, c h a r a c t e r i z e d in, that the microbial antigens 
are detected immunologically using antibodies directly after the stationary phase. 

3. Amethodaccordingtotheclaim2,characterized in, that the microbial antigens 
are detected immunologically in 3^.5 hours after the onset of the enrichment culture. 

4. A method according to any of the claims 2-3, c h a r a c t e r i z e d in, that the detected 

antigens are proteins. 

5. A method according to any of the claims 1^, c h a r a c t e r i z e d in, that the detected 

antigens are fimbrial proteins. 

6. A method according to the claim 5, c h a r a c t e r i z e d in, that the detected antigens 
are type 1 fimbrial proteins or comparable to them. 

7. Amethod according to any ofthe claims 1-6, characterized in, that the 
microbial antigens are detected with antibodies, which have been produced against the 
synthetic peptide Ala Ser Phe Thr Ala He Gly Asp Thr Thr Ala Gin Val Pro Phe Ser He 

Val or a derivative thereof. 

8. A method according to any ofthe claims 1-7, c h a r a c t e r i z e d in, that the detected 
30 microbes are enteric bacteria. 
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9. A-*odaccordingtothecIaim8,characterizedi„,thatthedetectedmicro^^ 

are fecal coliforms. 


.0. A me«,„d according .o fte claim 9. c h a r a c , e r i . e d in, .hatthe detected ™c™bcs 
belong to genus Salmonella. 

M. A tncthod according .0 any of tlteclain^ MO. characterized in, tl«, the 
m«robes are incubated prior to the intmnnological detection in their opti.™! g„«h 

temperature. 

12.An.ethod according to the claiml,,characterized in, that the n^crobes are 
mcubated prior to the detection at temperatures about 37 °C. 

B.Amethod according to any ofthe claims l-12,characterized in, that the 
macrobes are incubated prior to the detection at temperatures above 42 °C. 
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MENETELMA MIKROBIEN OSOITTAMISEKSI 
RIKASTUSVILJELMASTA 


Johdantoa 

Salmonella on nykyaan yksi tarkeimmista elintarvikkeissa esiintyvista 
bakteerikontaminanteista. Sille on ominaista nopea muuntautumiskyky, mika 
aiheuttaa ongelmia sen osoitustehtavissa. Talla hetkella Sa//woA7e//a-kantoja on 
karakterisoitu yli 2000, joista n. 100 on kliinisesti ja hygieenisesti merkittavia. 
Salmonella on yleinen suolistosairauksien aiheuttaja ihmisille ja elaimille. 
Keskeisimpia epidemioissa esiintyvia kantoja on noin kymmenen. Esiintyessaan 
elintarvikkeissa Salmonella aiheuttaa usein laajojen ihmisjoukkojen altistumista 
infektiolle. Alkuperaisen kontaminaatiolahteen selvittaminen on haasteellinen 
tehtava. Tavallinen tartunn^ntie kulkee saastuneiden elintarvikkeiden tai veden 
valityksella. Salmonella kuuluu nk. enteerisiin balteereihin. Suurin osa kannoista 
aiheuttaa suolistotulehduksia. 

Tavallisesti salmonellat ovat ihmisen tai isantaelaimen elimiston ulkopuolella 
erittain niukkojen kasvuolosuhteiden ymparistossa. Niiden on kyettava sailymaan 
elinkykyisina esimerkiksi vedessa, missa niiden kanssa ravinteista kilpailee 
tavallisesti useita muita mikrobeja. Talloin solut kehittyvat yleensa ilmeisesti 
eraanlaisiksi lepomuodoiksi. Naiden on hyviin kasvuolosuhteisiin paastyaan 
kyettava nopeasti muuntautumaan uusien olosuhteiden mukaisesti siten, etta ne 
kykenevat kolonisoimaan esimerkiksi ruuansulatuskanavan pintaepiteelisolukkoa. 

Elimiston ulkopuolella Salmonella ja muut enteeriset bakteerit ovat tavallisesti 
voimakkaan ymparistostressin alaisia. Jouduttuaan ravinnon mukana elimistoon 
Salmonella ja muut bakteerit ja mikrobit joutuvat pian mahalaukun alhaisen pH:n 
ymparistoonjoka tuhoaa huomattavan osan elavista mikrobisoluista. Alhainen pH 
toisaalta myos dissosioi solujen pinnalla olevia ulokkeita Joista erityisesti fimbriat 
tai vastaavat on tarkoitettu epiteeliin tarttumiseen. Siten mahalaukun jalkeen 
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pohjuka.ssuolessa salmonellojen ja maiden patogeenisten enteeristen lajien on 
ehm,st6on tunkeutuakseen nopeasti syntetisoitava erilaisten tarttumisrihmojen 
rakennusosat ja vastaavasti rakennettava nama ulokkeet solujen pinnalle Nairn 
tamun,isrihn.oja vo.daan toisaalta hyodyntaa .mmunologisten 
5 m,krob.osoitusmeneteIn,ien perustana, koska ne ovat yleensa voimakkaasti 
immunogeenisia. Ne voidaan myds dissosioida rakennusosikseen. vksittaisiksi 
molekyyleiksi. Vastaavalla tavalla monien bak.eerien liikkumistaan varten 
s>.tetisoimien flagellojen (uintisiimojen) ja niiden rakenneosien 
flagellnn,proteiinien osoittamista voidaan hyodyntaa naiden mikrobien 
' immunologisessa osoittamisessa. 

Tavallisesti ennen immunologista osoiUismenetelmaa 5aW//a-viljelmaa tai 
-naytetta tai enteeristen bakteerien tai muiden bakteerien tai muiden mikrobien 
vUjelmaa joudutaan selektiivisesti kasvattamaan ja rikastamaan haluttuja 

mikrobeja. 

Tavallisesti rikastusviljelyssa viljellaan naytetta tai viljelmaa niin kauan etta 
solujen lukumaara moninkertaisesti ylittaa alkuperaisen viljelman naytemaaran 
tavalhsesti vahintaan 12 tuntia. YIeisesti oletetaan, etta talloin myos osoitettavien 
antigeenien maara lisaantyisi suumiilleen samassa suhteessa kuin solumaara tai 

solumassa. 

&W//«-bakteerien leviamisen estaminen on keskeinen tavoite mm. 
elmtarvike-. vesi- ja muussa ymparistohygieniassa. Tasta syysta Salmonellan ja 
muiden vastaavien mikrobien osoittaminen on merkittava ja laajeneva 
tutkimuksen ja taloudellisen toimimian ala. Ongelmana 5«W//a-bakteerien ja 
muiden taudinaiheuttajien diagnostiikassa on perinteisten 
bakteeriviljelymenetelmien vaatima pitka aika em^en tuloksen saamista. Tama 
aiheuttaa suuria kustamiuksia esimerkiksi elintarviketeollisuudessa, jossa tuote- 
ena joudutaan usein varastoimaan. kunnes hygieniakontrollin tulos on selvilla tai 
JOS jo jakeluun saatettu tuote-era joudutaan vetamaan pois markkinoUta 
osoitustuloksen valmistuttua Salmonellan tai muun komtaminoivan bakteerin 
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toteamisen vuoksi. Mikrobimaarityksiin kohdtstuvaa tutkimustoimintaa ja 
tuotekehittelya onkin viime aikoina suunnattu nopeampien 
mikrobiosoitusmenetelmien ICytamiseen. 

Sairaaloissa kliinisten naytteiden ja esim. antibioottiresistenttien mikrobien 
hygieniakartoitusten tekemiseen tarvitaan nykyista nopeampia, luotettavampia ja 
tehokkaampia menetelmia, joiden olisi kuitenkin pystyttava mikrobien 
osoittamiseen mahdollisimman yksinkertaisissa oloissajopa irti laboratorioista. 

Myds elintarviketeollisuudessa tarvitaan tuoteturvallisuuden yllSpitamiseksi, 
varastointiaikojen lyhentamiseksi ja raaka-aine-erien tarkastamista varten uusia 
pikaosoitus- ja nopeita rikastusmenetelmia. Samoin erilaisissa vesi- ja 
ymparistoanalyyseissa, joiden merkitys on viime aikoina korostunut, naiden 
menetelmien tarve on suuri. 


KeksinnoD taustaa 


Osoitettaessa mikrobeja esimerkiksi kliinisista naytteista, elintarvike- tai 
ymparistonaytteista, mikrobien pitoisuudet alkuperaisessa naytteessa ovat yleensa 
niin alhaiset, etta tarvitaan nk. rikastusmenetelmia, joiden avulla osoitettavien 
mikrobien maarM ja pitoisuutta naytteessa lisataan. Tahan kaytetaan eri 
mikrobeille soveltuvia spesifisia viljelymenetelmia, joihin sisaltyy tavallisesti 
selektiivisen tekijan kaytte muiden mikrobien lisaantymisen estamiseksi. Tama 
tekija voi oUa kemiallinen aine. antibiootti tai vastaava tai fysikaalinen tekija 
kuten esimerkiksi kaasun osapaine. Myds pH voi olla selektiivinen tekija. Usein 
voidaan selektiossa kayttaa eri selektiivisten tekijoiden yhteisvaikutusta halutun 
mikrobin rikastusviljelyssa. 

Mikrobien osoittamisessa rikastusmenetelmiin turvautuminen merkitsee 
ajanhukkaa ja siksi niiden toteuttamiseen tar^'ittavan ajan lyhentaminen on 
suotavaa. 
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Spesifisessa mikrobien tunnistamisessa kaytetaan usein elaimissa tai 
soluviljelmissa tuotettuja vasta-aineita (immunologiset menetefmat). Niita 
kaytetaan usein m.krobien osoitukseen esimerkiksi rikastusviljelmista. Ongelmana 
voi talloin oila se, etta testin suorittajalla ei ole tarkkaa tietoa siita, sisaltaako 
tutkittava viljelma tai muu nayte ja siina olevat solut riittavasti osoitettavia 
antigeenisia molekyyleja. 

Keksintoa vo.daan hyodyntaa laajalti elintarvikkeissa esiinty^'an Salmonellan 
monitoroinnissa. Esimerkiksi lihateoUisuuden hygieniakontrollissa Salmonella 
esnntyy usein niin alhaisma pitoisuuksina, etta sen suora osoittaminen 
immunologisella analyysilla on nykymenetelmilla mahdotonta. Talloin tarvitaan 
monesti vahintaan 24 tunnin rikastusviljely liemiputkissa. Rikastusviljely jakautuu 
usein kahteen vaiheeseen: esirikastukseen ja varsinaiseen rikastusviljelyyn 
Esmkastuksen olosuhteita saatamaila voidaan myCs nopeuttaa nimenomaan 
naytteessa mahdollisesti esiintyvien 5^/«,oW/a-bakteerien kasvua ja sen 
haluttujen antigeenien ekspressoitumista. Kasvuolosuhteiden saately auttaa myOs 
sulkemaan pois ristireagoivia, osoitusta hairitsevia kantoja. Monien muiden 
bakteerien ja myos muiden mikrobien osoittamisessa ja identifioinnissa kaytetaan 
samalla tavalla apuna rikastusviljelya. 

Nopeuttaessaan Salmonellan ja muiden mikrobien osoitusta keksinto voi hyvin 
palvella esimerkiksi lihateollisuutta ja kliinista diagnostiikkaa, joissa 
pikamenetelmia kaivataan. Monesti teollisuuden piirissa tuotteiden sailyvyyden 
vuoksi niiden jakelu aloitetaan jo ennen mikrobiologisten monitorointitulosten 
valmistumista, mika voi johtaa merkittaviin vahinkoihin kontaminaatioiden 
Ilmetessa. Pikamenetelmat mahdollistaisivat pilaantuneiden erien poistamisen 
riittavan varhaisessa vaiheessa. 
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Keksinnon kuvaus 


Kasvatettaessa Salmonella-sxxvun bakteerilajeja ja muita enteerisia bakteereita 
selektiivisiim ravintoalustoilla havaittiin, etta ne muodostivat runsaasti spesifisia 
antigeenisia molekyyleja jo ennen kuin varsinainen solujen lukumaaraan 
perustuva mikrobipopulaation kasvu oli maksimissaan. Itse asiassa spesifisten 
vasta-aineiden havaitsemien antigeenien pitoisuus solujen pinnoilla oli oleellisesti 
vahentynyt huippulukemistaan solukasvun lahestyessa maksimiaan 
rikastusviljelmassa. Taman vuoksi immunologisen osoitusmenetelmSn 
kayttaminen voi tapahtua nykyisin tunnettuja menetelmia aikaisemmin heti ns. 
stationaarisen vaiheen paattymisen jalkeen ennen kuin solujen lukumaara on 
olennaisesti lisaantynyt esimerkiksi pesakelaskuun perustuvien 
laskentamenetelmien avuUa maaritettaessa. Selektiivisena tekijana 
rikastusviljelyssa voidaan kayttaa esimerkiksi lampdtilaa, ravintoalustan 
koostumusta, antibiootteja tai muita selektiivisia molekyyleja seka eri kaasujen 


Taman keksinnon mukaisella menetelmalla voidaan mikrobien identifioimista 
erilaisista naytteista nopeuttaa kayttamalla hyvaksi mikrobien erilaisten 
pintarakenteiden ekspression vaihtelua mikrobien kasvuvaiheen ja -olosuhteiden 
muutosten mukaan. Hyedyntamalla tata "kiihd>tettya" amigeenien rikastamista 
voitiin esimerkiksi tyyppi 1 fimbria -antigeenien kohonneet pitoisuudet havaita 
3-10 tuntia kuluttua viljelyn aloittamisesta (Suoritusesimerkit 4 - 5). Naita 
mikrobien esimerkiksi ruoansulatuskanavan epiteelisolukkoon kiinnittymista 
varten tuottamia fimbrioita tai niiden rakenneosia voidaan hyodyntaa kaytettyja 
menetelmia nopeammassa ? naiden mikrobien osoittamisessa. 

Yhden mahdollisen soveltamismuodon puitteissa sopivan rikastusajan jalkeen 
mikrobisuspensiosta voidaan detektoida mikrobit hyOdyntaen suodatinuuttoa 
(suomalainen patentti n:o 93742). Itse immunologinen osoitus voidaan toteuttaa 
immunoliuskalla, ELlSA-menetelmalla, luminometrisella menetelmalla tai muulla 
vastaavalla laitteella tai menetelmalla kayttamalla uutetuiUe pintarakenteille 


osapaineiden saatelya. 
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spesifisia vasta-aineita. Tama menettely voi teoriassa lisata detektion herkkyytta 
solumaaran ollessa viela suhteellisen vahainen. 

Teoriassa mikrobien tarttumisominaisuuksia voitaisiin kayttaa hyvaksi myOs 
naytteenottimena kaytetyn injektioruiskun mannan pinnoittamisessa (US. patentti 
n:o 5,846,209). Naytteenotossa kaytetty manta voitaisiin vaihtaa esimerkiksi 
haetun bakteerin tarttumismolekyyleiUe spesifisiUa vasta-aineiUa tai 
tarttumismolekyylien kohteita matkivilla molekyyleiUa paallystettyyn mantaan. 
Nestemaisia naytteita kasitellessa ei mannan vaihto ole tarpeen. Sopiviin 
kasvuolosuhteisiin paastyaan mikrobit alkavat ekspressoida 
taittumismolekyylejaan ja tarttuvat niilla mannan pinnassa oleviin molekyyleihin. 
Kiinnittyminen todennetaan joUakin sopivalla menetelmaila (esimerkiksi 
sahkoisesti tai optisesti). 

Suoritusesimerkeissa 4 - 5 kuvataan eri &//«o«e//a-kantoja vastaan tuotetun 
peptidivasta-aineen reaktioita eri vaiheissa olevien bakteeriviljelmien kanssa. 
Naissa kokeissa saatujen tulosten perusteella voitiin osoittaa korkeita 
immunologisia reaktiotasoja jo ennen varsinaisen logaritmisen kasvuvaiheen 
alkua. Tuotettaessa vasta-ainetta fimbria-proteiineille ja niista saaduille peptideille 
todettiin, etta voimakkaita immunologisia reaktiivisuuksia saatiin jo 3 - 5 tunnin 
kohdalla fimbria-peptideita vastaan tehdyilla vasta-aineilla (Esimerkit 4 - 5). 
Tulokset viittaavat siihen, etta kokeissa synteettisten peptidien tuottamisen 
lahdemateriaalina kaytetty Salmonella tyyppi 1 fimbria -sekvenssi ekspressoituisi 
erityisen voimakkaasti jo ennen varsinaista logaritmista kasvuvaihetta tai heti sen 
alkaessa. 


Tutkittaessa bakteeriviljelmien kasvua eri alustoilla ja eri kasvuolosuhteissa 
voitiin todeta, etta esimerkiksi S. entehtidis-wiX^eXmrni kasvu selektiivisella 
alustalla (RVS) oli voimakkaimmillaan +37 °C:ssa 3 - 6 tunnin kuluttua ja 
viljelman massa lisaantyi lahelle maksimiaan 8 tunnissa (Esimerkki 4). 
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Teoreettisena perustana edella kuvatulle ilmioUe on se, etm joutuessaan ravinnon 
mukana suotuisaan ymparistoon ihniisen tai lamminverisen elaimen suolistoon 
&/.o«.//a-bakteeri tai muu enteerinen bakteeri kasvattaa ensimn^aiseksi fimbriat 
ja muut tamumiseen tarvittavat molekyylirakenteet voidakseen kiinnittya tahan 
suotuisaan ymparistodn, jossa ravinteita on runsaasti tarjolla. On my6s 
mahdollista, etta tarttumisproteiinit tai ni.den prekursorit ovat ainakin osittain 
valmnna solulimassa tai vastaavassa paikassa jo lepovaiheen soluissa. mista ne 
saadaan bakteerisolun kannalta mahdollisimman nopeasti kayttoon. 

Suoritusesimerkki 1: kasvatus RVS-alustalla 

Salmonella enteridUts -kantaa 9.12:-g, m:-, faagityyppi 4 (IHS 59813) ja 
Salmonella typhimurium -kantaa 4,5.12:i:l,2, faagityyppi 1 (IHS 59929) 
sailytettiin . 37° C:ssa THG -kasvatusliemessa ( 5% tryptoni, 2,5«/o hiivauute ja 
1% glukoosi) ja nuorennettiin kahden viikon valein kokeen aikana. KSytetyt 
Salmonella -kannat oli saatu Kansanterveyslaitokselta (Helsinki, Suomi). Kasvatus 
alo.tettiin 3 - 4 vuorokautta aiemin nuorennetuilla viljelmiUa siirtamSlla 5% 
viljelmaa SalmonellaM. selektiiviseen tuoreeseen RVS kasvualustaan (Rappaport- 
vassihadis soija-peptoni-liemi, Oxoid, Englanti). RVS-suspensiota kasvatettiin 
ravistelluissa Erlenmeyer -pulloissa (kukin 100 ml) kahdessa lampotilassa; + 37' 
C ja + 43° C. Naytteet otettiin kerran tunnissa. 


Suoritusesimerkki 2: Peptidin kuvaus 


Pept.d.synteesinsekvenssijohdettiinSaW//«0';,/,.;„„,,„^^^^^ 1 fimbriasta 
Jotta voitiin valita spesifmen sekvenssi, joka erosi vastaavasta E.coli tyyppi 1 
fimbriasta, verrattiin kahta sekvenssia. 18 aminohapon mittainen sekvenssi Ala 
Ser Phe Thr Ala He Gly Asp Thr Thr Ala Glu Val Pro Phe Ser He Val valittiin 
Peptidi oli syntesisoitu molekyyneina, joissa 4 identtista peptidia oli liitetty 
to,sesta paastaan yhteen muodostaen nain multiple-antigen peptide 'n (MAP) 
Peptidit syntesisoitiin MUlipore PerSeptive 9050 Plus automaattisella 
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peptidisyntesoijalla ja Fmoc syntetisointi strategialla. Fmoc-Lys(Fmoc)-OH :ta 
kaytettiin haaroitetun struktuurin runkona. 

Suoritusesimerkki 3; Immunisoinnit 

Peptidit kaytettiin immunisointiin ilman sitomista kantajamolekyyleihin. Kanit 
immunisoitiin ruiskuttamalla ihonalaisesti 500 ng MAP-peptidia. 
Immunisointiliuos sisalsi myCs Freund's complete adjuvant'ia. 
Toistoimmunisoinnit tehtiin kahden viikon valein. Liuos sisalsi myOs Freund's 
incomplete adjuvant'ia. Immunisointien yhteydessa otettiin kaneista 
seeruminaytteet, jotka talletettiin pakasteeseen (-20oC). 

Suoritusesimerkki 4: 

Peptidivasta-aineen reaktioiden tutkimiseksi eri kasvuvaiheessa olevien 
bakteeriviljelmien kanssa tehtiin kasvunopeus-ELISA -koe kayttaen kahta 
bakteeritiheydeltaan erilaista bakteeriviljelmaa. Kokeessa kaytettiin Salmonella 
entertidis -kantaa IHS 59813, kasvualustana oli RVS-liemi ja kasvatuslampotilana 
+ 37 oC. ELISA-mittausten rinnalla tehtiin maljaviljelyt. Bafcteeritiheydet olivat 
kokeen alkaessa 1.3 E-.6 ja l,0E+4, ELISA-kokeen ja maljayiljelyjen tylokset on 
esitetty taulukossa 1 ja kuvassa 1. Kasvunopeus-ELISA toteutettiin seuraavalla 
tavalla: 

1. Kasiteltiin kuoppalevyt glutaraldehydilla: 

a) Kaytettaviin kuoppiin lisattiin 150 ug 0.5 % glutaraldehydiliuosta ja 

b) inkuboitiin kuoppalevya huoneenlammossa tasoravistelijassa 15 minuuttia. 

2. Pesut: Kaadettiin glutaraldehydi pois kuopista ja pestiin kuopat kaksi kertaa 200 
ulrlla ELISA:n 1 x pesuliuosta (5mM Tris + 0, 1 5 M NaCl + 0,05 Tween20). 

3. Lisattiin haluttuihin kuoppiin antigeenia 1:1 Assay Buffer-laimemioksena 50 
ulTcuoppa (Assay BufTer PBS + 1%BSA + 0.05%NaN3 + ImM EDTA). 
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Nollakuoppiin, joihin ei lisatty antigeema. pipetoitiin 50 ul Ix pesuliuosta/kuoppa. 
Taman jalkeen kuoppalevya inJcuboitiin folioon kaSrittyna kylmiossa yon yli. 

4. Seuraavana paivana kuopat kaadettiin tyhjiksi ja pestiin kolme kertaa kuten 
! edeim. 


5. Blokkausta varten kuoppiin lisattiin \,5% BSAABS-liuosta 200 ul/kuoppa ja 
kuoppalevya inkuboitiin tasoravistelijassa yksi tunti. 

6. Kuopat pestiin kuten kohdassa 4. 

7. Lisattiin primaariset vasta-aineet (peptidiseerumi H463): 

a) Pipetoitiin seerumilaimennosta 1:100 50 ul/kuoppa. 

b) Inkuboitiin levya tasoravistelijassa huoneenlammossa.y. tuntia. 

8. Pestiin kuopat nelja kertaa kuten edella. 

9. Lisattiin sekundaariset vasta-aineet: 

a) Pipetoitiin sekundaarivasta-aineen (anti-rabbit) laimennosta 1:1000 50 
xil/kuoppa 

b) Inkuboitiin levya huoneenlammossa tasoravistelijassa tuntia. 

10. Pestiin levyt kolme kertaa kuten edella ja yhden kerran Afos Bufferilla (200 
ul/kuoppa). 

1 1. Variliuosta (pNPP) pipetoitiin levylle 50 ul/kuoppa. 


mmuutm. 


12. Absorbanssi mitattiin ELISA-readerilla (aallonpituus 405 nm) 15 
puolen tunnin, yhden tunnin, puolentoista tunnin ja kolmen tunnin kuluttua varin 

lisaamisesta. 
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f "«'3-^"«8eeniHe (yhden n™i„ kuiu„„a 
vann iisaamisesta) ja bakteentiheydet ajan funktiona 


5 Bakteeritiheysalussa 1,3*10^ 


Aika 


0-absorbanssi 

absorbanssilukema 

bakteeritiheys 


Oh 


0,245 
0,228 


^ 3.5h 4.5h 5,5h 6.5h 7 Sh 


0,245 
0,233 


1.3*10" 9.7*10^ 


0,245 
0,248 


0,232 
0,464 
1,8*10^ 


0,227 
0,248 


0,227 
0,483 
7,7*10^ 


8,5h 9.5h 


Bakteeritiheys alussa 1,0*10'' 


0,227 0,230 
0,437 0.345 

L3*10^ 1 R*in^ 


0,234 
0,376 
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Suoritusesimerkki 5: 

Peptidivasta-aineen reaktioiden tutkimiseksi eri kasvuvaiheessa olevien 
bakteeriviljelmien kanssa tehtiin kasvunopeus-ELISA -koe kayttSen kahta 
Salmonella -kantaa (IHS 59813 ja IHS 59929). Kasvualustana oli RVS-liemi ja 
kasvatuslampatilana 43 oC. ELISA- kokeen rinnalla tehtiin maljaviljelyt. Koe 
tehtnn kuten suoritusesimerkissa 4. Tulokset on esitetty taulukossa 2 ja kuvassa 2. 

Jnt';i"^°,,^vt^'°''^^"''""''^"'^* 59813-antigeemlle ja IHS 59929-" 
?uS"a ' '"'"""^ lisMmisesta) ji bakteentiheydet ajan 

Kanta IHS 59813 



Kanta IHS 59929 


Aika 


0-absorbanssi 
absorbanssilukema 
bakteeritiheys 


Oh 
0,360 
0,392 
7,7*10^ 


Ih 
0,350 
0,427 


2h 
0.344 
0,480 
1,9*10' 


3h 
0,344 
0,733 


4h 
0,344 
1,136 
4,0*10' 


5h 
0,367 
0,867 


6h 
0,355 
0,697 
2,2*10* 


7h 
0,355 
0,726 


8h 
0,355 
0,671 
5.5*10^' 
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Vaatimukset 

1. Mikrobiologinen maaritysmenetelma, t u n n e t t u siita, etta mikrobit 
osoitetaan kasvualustaltaan selvasti ennen populaation solukasvun huippua solujen 
pian rikastusalustaan siirrostamisen jalkeen ekspressoimien antigeenien avulla. 

2. Patenttivaatimuksen 1 mukainen menetelma, t u n n e t t u siita, etta 
mikrobiantigeenit osoitetaan immunologisesti vasta-aineiden avulla. 

3. Patenttivaatimuksen 2 mukainen menetelma, t u n n e t t u siita, etta 
mikrobiantigeenit osoitetaan immunologisesti alle 10 tunnin kuluttua 
rikastuskasvatuksen alettua. 

4. Patenttivaatimuksen 2 mukainen menetelma, t u n n e t t u siita, etta 
mikrobiantigeenit osoitetaan immunologisesti alle 6 tunnin kuluttua 
rikastuskasvatuksen alettua. 

5. Jonkin patenttivaatimuksista 2 - 4 mukainen menetelma, t u n n e 1 1 u siita, 
etta osoitettavat antigeenit ovat proteiineja. 

6. Jonkin patenttivaatimuksista 2 - 5 mukainen menetelma, t u n n e 1 1 u siita, 
etta mikrobiantigeenit osoitetaan vasta-aineilla, jotka on tuotettu synteettisia 
peptideja vastaan. 

7. Jonkin patenttivaatimuksista 1 - 6 mukainen menetelma, t u n n e 1 1 u siita, 
etta immunisointiin kaytettava peptidi on Ala Ser Phe Thr Ala He Gly Asp Thr 
Thr Ala Glu Val Pro Phe Ser He Val tai sen johdannainen. 

8. Jonkin patenttivaatimuksista 1 - 7 mukainen menetelma, t u n n e t t u siita, 
etta osoitettavat antigeenit ovat fimbria-proteiineja. 


^ per tij^ 
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9. Jonkin patenttivaatimuksista 1 - 8 mukainen menetelma, t u n n e t t u siita, 
etta osoitettavat antigeenit ovat tyyppi 1 fimbria-proteiineja tai vastaavia. 

10. Jonkin patenttivaatimuksista 1 - 9 mukainen menetelma, t u n n e 1 1 u siita, 
etta osoitettavat mikrobit ovat bakteereja. 

11. Jonkin patenttivaatimuksista 1 - 10 mukainen menetelma, t u n n e 1 1 u siita, 
etta osoitettavat mikrobit ovat enteerisia bakteereja. 

12. Jonkin patenttivaatimuksista 1-11 mukainen menetelma, t u n n e 1 1 u siita, 
etta osoitettavat mikrobit ovat fekaalisia koliformeja. 

13. Jonkin patenttivaatimuksista 1 - 12 mukainen menetelma, t u n n e 1 1 u siita, 
etta osoitettavat mikrobit kuuluvat sukuun Salmonella. 

14. Jonkin patenttivaatimuksista 1 - 13 mukainen menetelma, t u n n e 1 1 u siita, 
etta mikrobeja inkuboidaan ennen immunologista osoitusta niiden 
optimilampotilassa. 

15. Jonkin patenttivaatimuksista 1-13 mukainen menetelma, t u n n e 1 1 u siita, 
etta mikrobeja inkuboidaan ennen osoitusta noin 37^ C lampotilassa. 


16. Jonkin patenttivaatimuksista 1-13 mukainen menetelma, t u n n e 1 1 u siita, 
etta mikrobeja inkuboidaan ennen osoitusta yli 40° C lampotilassa. 
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Tiivistelma 

Menetelma mikrobien osoittamiseksi rikastuskasvatuksen aikaisessa vaiheessa 
naiden mikrobien jo ennen solukasvun logaritmista vaihetta aloittaman tiettyjen 
antigeenien voimakkaan ekspression avulla. Menetelmaa voidaan hyodyntaa 
erityisesti Salmonellan ja muiden enteeristen bakteerien osoittamiseen. 
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Bakteeritiheys (kpl/ml) 



Absorbanssi (A) 



t 

• 

m 





o 


o 


m 

m 

m 

m 

+ 

+ 

+ 

+ 









o 


3 

3 


3- 

ZT 



c 
< 
> 


m ^ 

0) o 
<D 

O C 

m w 

f > 

3 

— 4:^ 

<D ^ 

?r - 

0): -A 


i ^ 

o- 2 

fi) o» 

^ + 

<D 

5-' O 


— ■ <D 
O O 

S 5: 


*< 
€0 

cn 

0) 



PC 


4 


19 9/00192 


Bakteeritiheys (kpl/ml) 



Absorbanssi (A) 
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2. CUatiom au4 cxpUtrntiora 

The invention relates to a method for detecting bacteria in a 
cultivation luediuiu prior to the pe^k of the population growth. 
In the method/ bacterial antigena expressed by the cells soon 
after their inacuXation to the enrichment medium^ are 
detected. In preferred embodiments, the antigens are detected 
iimnuno logically using antibodies. Furthermore, the bacteria 
preferably belong to the Salmonella genus. 

The International Search Report revoaled two documents of 
particular relevance: 


A- GB 2234587 see especially example 2 

B. WO 94/28420 Al, see abstract 

Document A disclose3 a method in which E, coli is determined 
immunologically using ELISA after 5 hours of incubation at 
37 °c. From document A it is not clear whether or not the 
detection is performed ^^clearly prior to the peak of the 
population growth^'. However, the incubation time employed in 
document a is very similar to the one disclosed in claim 3. It 
is considered obvious to the person skilled in the art to use 
at least slightly shorter incubation times than those 
disclosed in document A* Thus, claims 1-4 and 8-12 are not 
considered to fulfil the requirement of inventive step in 
relation to document A. 

Further/ It can toe noted that claim 1 does not provide any 
information regarding the cultivation conditions/ such as 
temperature or medium, neither regarding which bacter4-xim is 
being cultivated* 
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(i'a he what the space in any of the preceding boxes is not sufficient) 


Contlntwtion of. V 


Since thi3 method diaclosed in document A haa been applied to 
E. coli it is considered obvious to a person skilled in the 
art to use the same method for other bacteria, such as 
bacteria of the Salmonella genus, especially since document A 
also mentions Salmonella, Furthermore/ minor variations of 
incubation temperatures corresponding to the optimum 
temperatures of selected bacteria, such as the use of 42 °C 
inetaad of 37 °C are considorod obvious to the person skilled 
in the art. Therefore, claim 13 does not fulfil the 
requirement of inventive step. 

Document B discloses the use of monoclonal antibodies in the 
immunological detection of bacterial antigens. It ia 
considered obvious to a person skilled in the art to use 
monoclonal antibodies specific for bacterial proteins or 
peptides in the immunological deteriuinatipn diaclosed in 
document A. 

Claims 3-7 relate to the specific antigens detected. These 
claims are considered novel and are considered to involve an 
inventive step. 

The invention as disclosed in claims 1-13 is considered 
industrially applicable. 
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METHOD FOR DETECTING MICROBES FROM AN ENRICHMENT CULTURE 

Introduction 

Salmonella is nowadays one of the most important bacterial contaminants found in food 
products. Rapid adaptation capability, which is its typical feature, causes difficulties in detecting 
the bacterium. At present there are over 2000 characterized Salnwnella strains of which about 
100 are clinically and hygienically important. Salmonella is a common cause of enteric diseases 
for both humans and animals. The number of most important strains found during epidemics is 
about ten. The occurance of Salmonella in food often causes large amounts of people to get 
exposed to an infection. Finding the original source of contamination is a challenging task. 
Contaminated food or water provide a typical way for the contagion to spread. Salmonella 
belongs to the so called enteric bacteria. Most of the strains cause gastroenteritis. 

Normally Salmonellas live outside the body of people or host animals in very poor growth 
conditions. They have to survive and retain their viability e.g. in water, where usually several 
other microbes compete with them for nutrients. Usually in these circumstances the cells 
probably develop into some form of resting cells. Once they reach good growth conditions they 
have to adapt quickly to the new conditions to be able to colonize e.g. the surface epithelial cells 
of the gastrointestinal tract. 

Outside the body Salmonella and other enteric bacteria are usually under strong environmental 
stress. When the Salmonella or other micro-organisms get into the body with food, they soon 
enter the low-pH enviromnent of the stomach, which destroys a large amoum of living microbial 
cells. On the other hand, a low pH also dissociates appendiges on the cell surfaces, of which 
especially the fimbrias or corresponding structures are used for attaching onto the epithelium. 
Then after entering the duodenum the Salmonellas and other pathogenic enteric species in order 
to invade the body have to synthesize rapidly the building parts of the different attachment 
filaments and correspondingly build these appendiges on the cell surfaces. These filaments can 
be utilised as the basis of immunological methods for detecting microbes, because they are 
normally strongly immunogenic. They can also be dissociated into single molecules which are 
their building parts. In the same manner, we can make good use of the detection of the flagellas 


5 


15 


20 


25 


WO 99/47931 _ 

PCT/FI99/00192 

that many bacteria synthesize to enable them to move and the flagellin protein, the building parts 
of the flagellum, in the immunological detection of microbes. 

Normally, before using an immunological detection method, the Salmonella culture or sample or 
the culture of enteric bacteria, other bacteria or other micro-organisms must be selectively grown 
and the desired microbes enriched. 


Normally m an enrichment cultivation the sample or culture is usually grown long enough for the 
number of cells to manifoldly outgrow that of the original sample, usually for at least 12 hours 
10 It ,s generally supposed that also the amount of antigens increase in about direct ratio to the 
amount of cells or cell mass. 

One of the key goals of food, water and other enviromnental hygiene is to prevent Salmonella 
bacteria from spreading. For this reason, the detection of Salmonella and other similar microbes 
IS an important and broadening field of research and economic activity. The problem in using the 
traditional bacterial cultivation methods for diagnostics of the Salmonella bacteria and other 
pathogens is the long time needed to attain the results. This causes great expenses e.g. in food 
industry, where the products often need to be stored up while waiting for the results of the 
hygiene control or withdrawn from the market or distribution, if the results show contamination 
with Salmonella or other bacteria. Research and development work directed to microbial 
determinations has recently concentrated on finding more rapid detection methods for microbes. 

For clinical sampling in hospitals and for the hygiene mapping of antibiotic resistant microbial 
strains, more rapid, more reliable and more effective methods are required. These methods 
should at the same time be useful also for detecting microbes in as simple conditions as possible, 
even outside laboratories. 


Food industry also needs new rapid detection methods and fast methods of enrichment to 
maintain product safety, shorten storage time and control raw materials. Likewise, different 
30 water and enviromnental analysis, the significance of which has recently grown, need these 
methods urgently. 


2 


10 


15 


WO 99/47931 PCT/FI99/00192 


Background of the Invention 

When detecting microbes from e.g. clinical samples, food samples or environmental samples the 
microbial concentrations in the original sample are usually so low that so called enrichment 
methods are needed. These methods increase the amount and concentration of the detected 
mibrobes in the sample. Microbe specific cultivation methods, which usually involve the use of a 
selective factor to prevent the multiplication of other microbes, are used. This factor can be a 
chemical substance, an antibiotic or an equivalent or some physical factor such as the partial 
pressure of a gas. The pH can also be a selective factor. Often the synergy of the different 
selective factors can be used in the enrichment culture of the desired microbe in a selection. 

The need of having to use enrichment methods in detecting microbes means a loss of time and 
therefore the shortening of the time used for these procedures is most desirable. 


The specific microbial identification often uses antibodies that are produced in animals or cell 
cultures (immunological methods). They are often used to detect microbes from enrichment 
cultures, for example. In such a case, the problem may be that the user of the test does not know 
for sure, if the culture in concern or other sample and the cells in it have enough antigenic 
20 molecules for the detection. 

The invention can be applied in large scale for monitoring Salmonella in foodstuffs. For example 
in hygiene controls in the meat industry Salmonella often exists in so low percentages that the 
direct detecting using the immunological analysis is with present methods impossible. In these 

25 cases an enrichment culture in liquid medium for at least 24 hours is often needed. The 
enrichment process often divides into two phases: the pre-enrichment stage and the actual 
enrichment stage. By controlling the conditions of the pre-enrichment growth of the possible 
Salmonella bacteria and the expression of its desired antigens in the sample can be speeded up. 
Adjusting the conditions of the cultivation also helps to exclude the possibility of cross-reacting, 

30 disturbing strains.The enrichment culture is used in the same way as a help to detect and identify 
many other bacteria and also micro-organisms. 
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Because the invention makes the process of detecting Salmonella and other microbes faster, it 
can well serve e.g. meat industry and clinical diagnostics, which are in need of rapid methods. In 
industry the delivery of the products is often put into practice before the microbiological 
monitoring results are complete. This can lead into major losses if contamination should occur. 
The rapid methods would make possible to remove the spoiled products early enough. 


15 


Description of the Invention. 

1 0 When growing bacteria species of the genus Salmonella and other enteric bacteria on selective 
nutrient media we noticed that they produced lots of specific antigenic molecules already before 
the actual microbial population growth, based on the number of cells, was at its maximum. In 
fact, the concentration of antigen that the specific antibody could detect on the cell surfaces had 
substantially lowered from its record figures as the cell growth in the em-ichment culture grew 
near its maximum. For this reason the use of an immunological detection method can take place 
earlier than in the presently known methods, directly following the so called stationary phase 
before the number of cells, defined with e.g. the calculation methods based on the colony count, 
has markedly increased. For example, the temperature, the composition of the nutrient medium, 
antibodies or other selective molecules and the control of partial pressures of various gases can 
20 be used as selective factors in the enrichment culture. 

According to the method of this invention, the identification process of microbes from various 
samples can be made more rapid by making use of the changes in the expressions of the different 
surface structures of the microbes according to the changes in the growth phase and growth 

25 conditions. By exploiting the "enhanced" enrichment of antigens we could e.g. observe the 
increased concentrations of type 1 fimbrial antigens in 3 - 10 hours from the onset of the 
cultivation (Examples 4 - 5). These fimbrias or their building parts, which the microbes prod 
e.g. to enable them to attach to the epithelial cells of the alimentary tract, can be made use of 
methods for detecting microbes more rapidly than in the methods according to the present 

30 knowledge. 

In one possible form of application, after a suitable period of enrichment it is possible to detect 
the microbes by taking advantage of filter extraction (Finnish patent No. 93742). The 
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immunological detection itself can be ca.ied out with an immunostrip. the ELISA-method a 
lummometHc method or other co^esponding apparatus or method using antibod.es. which .e 
suitable specifically for extracted surface structures. This procedure may, in theory add the 
sensitivity of the detection when the amount of cells is still relatively small. 

In theory, the attachment characteristics could be made use of also in coating the plunger of the 
injection syringe used in taking the sample (US. Patent No. 5,846,209). The plunger used in • 
taking the sample could then be changed into a plunger coated with specific antibodies against to 
the attachment molecules or molecules that imitate the object of the attachment molecules of the 
searched bacteria. When handling fluid samples the plunger need not be changed Once the 
microbes are brought into suitable growth conditions they begin to express their attachment 
molecules and attach ^^th them to the molecules on the surface of the plunger. The attachment is 
verified with some suitable method (e.g. electrically or optically). 

Examples 4 - 5 describe the reactions of a peptide antibody, produced against different 
Salmonella strains, with bacterial cultures in differem growth phases. On the basis of the results 
from these experiments we were able to demonstrate high immunological reaction levels already 
before the beginning of the actual logarithmic growth phase. When producing antibody to the 
fimbnal proteins and to peptides derived from them, we noticed strong immunological 
reactivities already in 3 - 5 hours with antibodies produced against fimbrial peptides (Examples 

- 5). The results implicate that the Salmonella type 1 fimbrial sequence, used in the experiment 
as source material m the production of synthetic peptides, would express outstandingly strongly 
already before the actual logarithmic growth phase or immediately at its begimiing. 

25 When examining the growth of the bacterial cultures on different media and in different growth 
conditions, we noticed that e.g. the growth of a S emeritidis-cnlinrc in a selective medium 
(RVS) was at its strongest after 3 - 6 hours the temperature being +37°C and the mass of the 
cultivation grew close to its maximum in 8 hours (Example 4). 

30 The basis of the phenomenon described above is the theory that reaching favourable conditions 
m the intestines of man or a warm-blooded animal the food-borne Salmonella bacterium or other 
enteric bacterium firstly produces fimbrias and other molecular structures required for 
attachment, in order to be able to stick to this favourable enviromnent. where nutrients are 
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-dUy available. „ U also possible ^a. already in ^ s«.io„a^ phase cells ,he anach^en, 
p..e.„so.,He„„a.eaUeas.pa«iall.p„pa.edi„,^^ 

sue .o™ wHe.e .he. can be mobilized in ,be fas,es. wa. .on. .he po.n. of view or.be bLeHa, 

Example 1 : Cullivation oi Salmonella on RVS medium 

Salmonella entendllis sttain 9, 12.-g, m;-, phage type 4 flHS ws. jr., 
st-n 4.5,2... 1,2, phage .„e , (IHS 59929) were kep. a. 37 »C .n THG medium (5% ..yp.o„e 
2.5/. yeas. e.,.c. and 1% glucose) and seeded in U,e intervals of .wo weeks during a.e 
expen^en,. The ..W„.„. sn.ins were ob.ained from ,he NaUona, Public Healft Li.u. 
(Hels,„.., Kinland, Cu,.iva.ion w. sr^ed from 3 -4 days old culmre by inocula.i„r '/ of *e 
cul.^ .o a .esh RVS medium (Rappaporr-vassiliadis soya pep.o„e bro., Oxoid, England 
wh, h ,s se ecve for Salmonella. The RVS suspension was cu,.iva.ed in shalced ErleLy ; 
flasks each ,00 ml, a. nvo differen. .empe..ures.. .37 «C and .43 "C. Samples were .aKen 
every hour. <^^n 
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Example 2: Description of the peptide 


We sequence in .he peptide symhesis was .raced from .he Salmonella lypHlmurlum .ype I 
fimbnae. In order .o selec. a specific sequence differing from .he corresponding KcoU .ype I 
flmbnae .he .wo sequences were compared wi,h each Cher. The sequence of , 8 am.no acids 

P=p..de was syntaized as molecules, in which 4 iden.,cal pep.ides were jo.ned .oge.her from 
one end formmg .hus a mul.iple-an.igen peptide (MAP). The peptides were synthetized ™,h 
M,ll,pore PerSep.ive 9O50 Plus au.oma.ed pep.ide syn.he.izer and wi,h Fmoc synthesis s.a.egy 
Fmoc.Lys(Fmoc)-OH was used as .he backbone for .he bmnched structure. 


Example 3; Immunizations 


Pepudes were used for immunization ™.hou, any conjuga.ion ,o ca,T,er molecules. Rabbhs were 
■mmunized wi.h 500 ^g of MAP-pep.ide injeced subcataneously. The immu„iza.,o„ solu.ion 
conuuned also Freunds comple.e adjuvant. The boostets were injeced in imervals of .wo weeks 
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The solution contained also Freunds incomplete adjuvant Tooether with th • 
rabbits were hl^^H^H -J K J dni. I ogether with the immunizations the 

were Needed ,„ order ,o take serun, sample., which were stored in ,he freezer (-20 «C,. 

Example 4: 

5 

For s.ud3.„g .he reactions of the a„,i-pep,ide an.ihody aga,ns. haceria, cu,«.res in different 
growth phases, a "growth sneeH Ft t<j a » ainerent 

expennren,, the growd, n,edi™ was RVS br„,h and .he ,e„,pera.ure «7 =C Pia, 
.0 ---"---'-US..eassnre.en.s...ehac.L^ 

Of the experiment 1.3 E+6 and 1.0 E+4. Results from the ELISA . • ^ 

^P.sen.edin.h.e.andi„P,.re,...Orow.hspee:er 

1 . The microtiter plates were treated with glutaraldehyde: 
15 a) 150 of 0,5% glutaraldehyde was added to the wells and 

b) the microplate was incubated at room temperature in a shaker.for 15 minutes 

w th 200 Ml of 1 X ELISA washing solution (5mM Tris . 0.15 M NaCl . 0.05 Tween20) 
3. The antigen was added to the desired wells as an Assay Buffer dilution (1:1) 50 ,1 per well 
20 (Assay Buffer PBS + lo/oBSA^0.05o/oNaCL+lmMEDTA) «^'P-well 

!rtrrr'^^^:^"''^"^^^^''^''^^^^ ^ ^ was^ngsolution waspipettedper 
welL Thenafter, the microplate was wrapped in a folio and incubated overnight in a cold 

25 a?ovt '''''^ ^^'^ - ^-ribed 

5. For blocking 1 .50/0 BSA/TBS solution was added to the wells (200,1/weI,) and the 
microplate was incubated on a shaker for one hour. 

6. The wells were washed as in 4. 

7. The primary antibodies were added (peptide serum H463): 
50 a) Serumdilution(l:100)waspipetted(50Mlperwell). 

b) The plate was incubated on a shaker for 0.5 hours at room temperature. 

8. The wells were washed four times as above. 
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9. Th^econdary antibodies were added- 

a) Secondary anybody (anei.^,,,) ,:,000 waspipe„ed 50 ,,per we,, 

^ P a e was i„e„ba.ed o„ a ..a.er for 0.5 ,„„,3 a. roo™ .e^p^ra.r 

":cor~— — 


1 0 Table I . The absorbance figures for IHS S OX i - 

baceria, densi^es as «,e S^eZnile '"^ 

Bacterial density in the beginning 1.3*10^ 
Time 


15 


0-absorbance 
Absorbance 
Bacterial density 


Oh 


2.5 h 3.5 h 


4.5 h 5.5 h 


0.245 0.245 
0.228 0.233 
1.3*10' 9.7*10' 


0.245 
0.248 


6.5 h 7.5 h 


0.232 
0.464 
1.8*10* 


8.5 h 


0.227 
0.531 


9.5 h 


0.227 
0.483 
7.7*10* 


0.227 0.230 0234" 
0.387 0.345 0.376 
1.3*10' 1.8*10' 


Bacterial density in the beginning 1.0*10' 


Time 

Oh 

2.5 h 

3.5 h 

4.5 h 

5.5 h 

U-absorbance 
Absorbance 
1 Bacterial density 

0.222 
0.216 
1.0*10" 

0.226 
0.238 
1.1*10' 

0.227 
0.235 

0.227 
0.229 
1.9*10" 

0.227 
0.218 


6.5 h 7.5 h 


8-5 h 9.5 h 


0.227 0.225 
0.249 0.346 
5.3*10* 


0.225 0.225 
0.332 0.314 
1.8*10* 2.7*10'° 


Example 5: 

s.i.:,„s5j,3a:r5~~^ 

--„.e.pera.re-.3..P,a.e.,..es:eres~^^ 

expenmen,. The experiment was carted ou. as described in ,he Example 4 T 

presented in the Table 2 and Figure 2 "'^ 

25 
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Table 2, The absorbance figures for IHS 598 13 antigen and sqqoo * 


Salmonella strain IHS 59813 


Time 


0-absorbance 
Absorbance 
Bacterial density 


Oh 


1 h 


0.346 
0.369 
1.0*10' 


0.346 
0.362 


Salmonella strain IHS 59929 


Time 


0-absorbance 
Absorbance 
Bacteria] density 


Oh 
"0360" 


1 h 
0.350 


2h 


0.346 
0.428 
1.3*10* 


3h 


0.336 
0.739 


4h 


0.323 
1.202 
1.4*10* 


2h 
0.344 


3 h 


4h 


0.392 
7.7*10* 


0.427 0.480 
1.9*10' 


0.344 
0.733 


0.344 
1.136 
4.0*10' 


5h 


0.323 
1.120 


5 h 


0.367 
0.867 


6h 


0.323 
0.928 
1.5*10* 


6h 


0.355 
0.697 
2.2*10* 


7h 
"0.357 
0.826 


7h 


8h 


0.355 
0.859 
1.7*10* 


8h 


0.355 0.355 
0.726 0.671 
5.5*10* 
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Claims 


. A microbiological de,e™i„a.io„ meftod, c h a r a c t e r i z e d in. fta, .he microbe, are 
detected from meir cultivation medium clearly prior to the peak of the population cell growth 
usmg the antigens which the cells express s«,„ after their inoculation to the enrichment 


medium. 


2. A methodaccordingto the claim 1, character i 7eH ,n fho.*i, • . 

^ ^ « r ] z e d in, that the microbial antigens are 

detected immunologically using antibodies. 

3. A method according to the claim 2. c h a r a c t e r i z e d in, ,ha, the microbial antigens are 
detected immunologically in less than 10 hours after the onset of ti,e enrichment culture. 

4. A method according Co the claim 2. c h a r a c , e r i z e d in. that dte microbial antigens are 
detected immunologically in less than six hours after the onset of the enrichment culture. 

5. A method according to one of the claims 2-4. c h a r a c , e r i ^ e d in. that the detected 

antigens are proteins, 

6. A method according ,o one of the claims 2-5, c h a r a c t e r i z e d in. that the mictobial 
anttgens are detected with antibodies, which have been produced against synthetic peptides. 

7. A method according to one of the claims 1 -6, c h a r a c t e r i z e d in, that the peptide u^d 
for .mmumzation is Ala Ser Phe Thr Ala He Gly Asp Thr Thr Ala Gin Val Pro Phe Ser He 

Val or a derivative thereof. 

8. A method according to one of the claims 1 -7, c h a r a c t e r i z e d in, that the detected 
antigens are fimbrial proteins. 

9. A method according to one of the claims 1-8, c h a r a c t e r i z e d in, that the detected 
antigens are type I fimbrial proteins or comparable to them. 
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s ''rr:::::::: - 

.2. A meU-od according ,„ „„e of ,he Cauns .-. . . c h a r a c , e r I . e d in, d,a, ,he de.eced 
microbes are fecal coliforms. detected 

TITr''"" °™ ^'^'"^ >-'2. c h a . a c , e r i . e d in. ,ha, ,he de.ec.ed 
microbes belong to genus Salmonella. 


are 


14. A method according to one of the claims M3, c h a r a c t e r i z e d in. that the microbes 
^ ^ mcubated pnor to the immunological detection m their optima, gro^h temparature. 

15. A method according to one of the claims 1-13, c h a r a c t e r i z e d in, that the microbes are 
mcubated prior to the detection at temperatures about 37 ^C. 

16. A method according to one of the claims 1-13, c h a r a c t e r i z e d in th . .i, ■ 

on • u . . ' " « ' 1 e r 1 z e d in, that the microbes arp 

20 incubated pnor to the detection at temperatures above 40 °C. 
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MEIHQP OF TESTTNO FOR SAi.MnMBj,j,ft , 

The present Invention relates to a method of testing for microorganisms 
of certain serotypes of the genus Salmonella by detection of their 
characteristic polynucleotide sequences. The invention further 
pro.-ides test kits for performing tests according to this method. 

S alBOneHn rvPtll ( S. typhi ) is an invasive organism causing systemic 
disease, as opposed to the common salmonella Intestinal disease, and 
is the major cause of enteric fever in humans. Oral ingestion of 
4SEili organisms results in their Invasion of the Intestinal 
epithelium, entry into the circulatory system and colonization of the 
reticuloendothelial organs. After multiplication at these sites over 
a week or so they invade the blooodstream and cause septicemia, 
seeding the Intestine through the gallbladder and bile duct, resulting 
in haemorrhage and perforation of the Peyer's patches in severe cases. 

^' ^^^^ organisms are usually recoverable from the blood and urine 
early in the disease and from the faecal stools between the third and 
fifth week of illness. It is found that about 2.5% of typhoid 
patients become chronic gallbladder carriers; those who are elderly 
or female being more suscepUble to this condition. Significantly it 
is difficult to Isolate S. typhi ftom such gallbladder carriers and 
thus. Inter alia, provision of a rapid method for identification of 
these and patients In the early stages of the disease Is desirable. 

In the present applicant's copending appUcatlons PCT/GB 91/OI690 
(inventor Ihoms) and PCT/C3B 9I/OI69I (Inventor Woodward) there are 
described methods for the detection of certain strains of salmoneUa 
by detection of a specific fimbrlal antigen which occurs only in 
snter i tHliff , some strains of iS. ftibUn and, as so far determined, 
only one strain each of a._BQacm and S. MfHm; all other strains 
(several hundred) tested lacked this antigen. Both the latter 
serotypes which are very closely related to S. mi-»..<^-T^ «f, 
extremely rare and have not been seen by the CVL's reference 
laboratory since the Zoonoses Order (I975) started in the United 
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Kingdom in I976. The detection of strains expressing SEPA is 
therefore an indication of S, fintfirltimfl or S. d„hn» and 
Indicates that a strain is not of S. t^mhi 

The present inventors have now surprisingly found that serotypes of 
JatBhi also have DM encoding for this specific fimbrial antigen and 
thus that methods of copending appUcation PCT/GB 9I/OI69I can be 
adapted for the detection of such organisms in a rapid and reliable 
manner. The antigen encoded Is designated hereinafter as SEFA. 
Salmmfilln rnt p mtdn Flmbrlal Antigen, but the DNA coding for it is 
common to members of the enteritidis. dublin and typhi serogroups. 
Characterising data regarding SEPA is provided below, its amino acid 
sequence being given as SEQ. ID No 2. and the DNA sequence of the 
double stranded polynucleotide region containing the sequence encoding 
for it provided as SEQ. ID No 1 and SEQ. ID No 3 ia the sequence 
listing attached hereto. Tka bases corresponding to the amino add 
sequence are bases 73 to 6OO of the SEQ ID No 1. corresponding to 
bases I788 to 2315 of SEQ ID No 3. 

The inventors have further now determined that although the SEPA 
antigen can be eiq.ressed in vitro by iS. Rntm-fim'!. many S. dn»i^n 
and the Isolated examples of S. m^rm and S. M.^.. expression by 
^' has so far been impossible to demonstrate, even when 

incubated in preferred expression supporting media of PCT/GB 91/OI690. 

Ihus the present Invention provides a method for testing for the 
presence of microorganisms of Salmonella serotype S. ^.r^M comprising 
testing a sample for the presence of a nucleic acid sequence 
characteristic of genomic DNA from the region encoding for SEFA (SEQ 
IDNolandSEQ. ID No 3) and relating the presence of this to the 
presence of said serotype. Preferably, the relating of the presence 
of the characteristic sequence to presence of S. hvnh,- „ni take into 
account the nature of the sample, and the likelihood of other SEPA 
encoding serotypes being present. Provision of further distinguishing 
steps provides a test for S. enfttftrlHf ll n . S. typhi or s. dnhi.n 
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A particular method for determining the presence of polynucleotide 
sequences characteristic of genomic DNA from the region encoding for 
SEFA is provided by copending PCT/CSB 91/OI691 and comprises use of 
polynucleotide hybridization probes targeted to identify such 
sequences using techniques which are well known in the art. Examples 
of such probes are also exeii5)lified below. 

A further such method for detennljilng the presence of such 
characteristic polynucleotide sequences comprises subjecting a saaple 
of analyte to conditions under which polynucleotide sequences are 
replicated by use of specific sequaice amplification reaction, for 
example the ligase or polymerase chain reactions (LCR and PGR) , as 
provided by copending PCT/GB 9I/OI69I. Such PGR amplication is well 
known in the art and suitable primers for use in PCR targeted at the 
sequences characteristic of SEFA are exemplified herein below. 

The production of product in the presence of specific primers 
can be taken as a positive indication of the presence of the target 
sequence but it is posible to cross check this result by determination 
of further specific hybridization using probe sequences, such 
technique being well known in the art. using suitably different 
sequences selected from those exemplified for primer purposes. Methods 
for carrying out the PCR are conventional and illustrated by those 
described in EP-A-02011M and EP-A-0200362 (both Cetus Corp). 

Specific conditions for carrying out PCR on cells or DNA/RNA as 
provided in aqueous analyte samples are exempUfied in EP 0409159 
(Shlmadzu) and EP Oif38ll5 (Perkin Elmer), but variations of these will 
be known to a person skUled in the art of PCR based detection 
methods. The aqueous samples to which the present probes will be 
applied wUl typically be bodily fluids or food, faecal or tissue 
samples (eg. homogenates) but may potentiaUy be any material from 
which cells or polynudeic acids may be derived. 

As will be clear to those skilled in the art. it will not be necessary 
to employ probes and/or primers which are targeted at the whole of 
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this coding sequence In order to ascertain its presence. As is 
conventional in the art. probe and primer sequences can be targeted at 
any characeteristic sequence, prefably being of 12 or more bases long, 
more preferably 16 or more bases long, in so far as these are 
statisticaUy unlikely to be found in interfering, non-targeted 
sequences. Thus preferred probes and/or primers consist of at least 
any contiguous 12, preferably any contiguous 16 bases of either of the 
respective strands of SBQ ID Ko 1 or SM ID No 3. preferably 73-600 of 
SBQ ID No 1 or its coaplement; primers enviously running 5* -3'. 

It will be realised that an analyte determined to contain the SEPA 
characteristic sequences referred to above might equally comprise 
DNA/RNA or microorganisms of the other serotypes, most likely S.. 
enter i tidifi or S. diihlin . However, in practice, when analytes are 
provided they will be derived from or related to subjects showing 
syaptoms lAlch will be consistent with either S. f vnh^ or £^ 
enterltifll a/Sj — dublin, but not both and thus a test may be carried 
out with a degree of certainty that a positive result will be 
indicative of the salmonella consistent with the particular symptoms. 
However, in the event that there are no symptoms to assist analysis 
(eg. where no live subject is available or where the samples are not 
directly derived from a human or animal body) or where it is desired 
to be more unequivocal in detemination of the organisms present, the 
present invention further provides a method for detemlning the 
presence of an organism having DNA or RNA characteristic of that 
region encoding for SEPA and also determining its Identity as being 
fimhl. S.mterltitrllff or S. AihUn comprising 

(a) testing a sample of material under investigation for the presence 
of a nucleic acid sequence characteristic of the genomic DNA ftom the 
region encoding for SEPA (as SEQ. ID No 1 or SBQ ID No 3) ; 

(b) testing that or a further sample of the material for the presence 
of an antigenic amino acid sequence or antibody thereto or a 
genomic nucleic acid sequence; said amino acid sequence or nucleic 
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acid sequence being associated with one or more of the 
enterttim r ; . S. Ciwhiin or S. typh i serotypes, but not found In all 


three; 


and relating the results of tests (a) and (b) to the presence or 
absence of each of the three serotypes. 

Thus step (a) may be carried out using any sequence determined to be 
Characteristic of the genomic DNA of the region encoding for SEPA (as 
provided in SBQ ID 1 or SEQ ID No 3 below); these preferably being a 
sequence of suficient length to provide statistical probability of 
correct identification, ie. conventionally any sequence of 12 or more 
contiguous bases, more preferably of 16 or more bases, selected from 
this sequence. 

Preferably the step (a) is carried out by use of specific sequence 
amplification, preferably PGR. and most preferably by carried out by 
use of PCR primers described below (SEQ ID ^, 5. 6. 7. 8. 9 and 10) 
Similarly these primers may be effectively employed as hybridization 
probe sequences when used in labelled form, step (b) conveniently may 
be carried out using any distinguishing test utilising the differences 
in amino acid sequences characteristic of the particular serotypes. 

As disclosed in PCT/GB 91/OI69O. S. entf>r1Hfl1, and S^dublia may be 
conveniently distinguished antigenically using a polyclonal antibody 
raised to S. duh Un which is then absorbed with S. .n^^^..^.^ ^ 
order to remove any antibody which crossreacts with the two. In this 
way a polyclonal antibody reactive with S. duMIn is left that is not 
reactive with S. Rntlftritlflin . Similarly such polyclonal antibodies 
which are specific, as between the three 'common' SEPA encoding 
serotypes enteritidis. dublin and typhi, may be prepared by cross 
absorbing non-specific antibodies onto the two serotypes to which the 
antibodies were not raised in order to leave the desired 
characterising antibodies. Cross-absorption with the other two 
isolated strains of S^_jDQaccH and/or S. hlpnlnm will also be 
advantageous, as will provision of specific antibodies for these. 
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More preferably monoclonal antibodies will be prepared using standard 
techniques to provide producing hybrldoma ceU lines such that 
antibodies all with the sane target sequence and affinity may be used 
for the determinative tests. Of particular use are antibodies raised 
to the SEFA antigen or an epitope of that, in so far as these will 
bind to SEFA as expressed by all the strains of interest, except 
iXEht, thus providing a ready check as to identity of the organism. 
These antibodies are subject of PCT/GB 9I/OI96O as described 
previously and hybrldoma cells ej^ressing one of these has been 
deposited in accordance with the Bud^est Treaty at the European 
Collection of Animal Cell Cultures, PHLS Centre for Applied 
Microbiology & Research. Porton Down, Salisbury, KELTS S?H OJQ, under 
accession number 90IOIIOI on 11th October 1990. 

la all cases of use of antibodies as reagents in these tests it wiU 
be possible to enhance visuaUsation of the antibody-antigen binding 
phenomena by labelling them with coloured latex particles as is known 
in the art (Hechemy K B and Hicfaaelson (1984) Lab Management 22 
27-40) . Altemativley use may be made of secondary antibodies as is 
also known in the art idiereby tAe secondary antibody is targeted at 
the antibody reagent and is labelled, eg. with gold, such that when 
excess unbound antibody is washed away, eg. so as to be removed from 
cells or fimbria in the sample, it is possible to observe the gold or 
otiier label clustered around the cells or fimbria thus indicating 
antibody binding on these. 

As fturther explained in PCT/OB 9I/OI69O. it is found that the content 
of the culture medium is a crucial factor in the in vitro production 
of SEFA epitoplc sites on the Salmonella fimbria of the SEFA 
ejgjresslng strains. Peptone water and Ehricbed E broth (see Francis 
et al (1982) J. Clinical. Microbiol.. 15: I8I-I83) are examples of 
liquid media which will support relatively weak expression in reliable 
manner. SoUd media examples Include desoxycholate citrate agar, 
McConkey agar. Nutrient agar. Salmonella Shigella agar, She^ blood 
agar. Xylose Lysine descholate. For more reliable and/or sensitive 
testing it may be necessary to use a medium that is more potent in 
st«>porting the espression; examples of such media being Qxoid 
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Isosensitest and Sensitest agars. Suitable media may be selected for 
the ability to support SEFA expression by S. enteritidlR as 
determined by antigen-antibody binding assay using one of the 
monoclonal antibodies, eg. that deposited as referred to above or 
other SEFA derived specific antibodies. 

The present invention further provides kits for performing the methods 
of this invention; kits for the determination of the presence of SEFA 
e3q)ressing organisms or their SEFA associated components (ie. SEFA or 
an epitopic part thereof, antibodies to SEFA or epitopic parts 
thereof, polynucleotides encoding for SEFA or epitopic parts thereof) 
being already provided by the aforesaid copending patent applications. 

Thus kits of the present invention are characterised in that in 
addition to reagents for the determinaticm of the presmce of these 
SEFA encoding region characteristic sequences they, further coii9)rise 
reagents for the determination of the presence of components 
distinctive of one or two of the three SEFA serotypes S, enterttidifl . 

Stdublin and £xchl such that the presence of each of these can be 

ascertained. Kits further containing recognition reagents for the fiu. 
ffloaCQK and/or S.. — hlegdflfil are also provided for use on samples where 
the presence of these is a possibility. 

The reagents for the determination of the presence of the SEFA 
encoding region characteristic polynucleotide sequences will comprise 
at least one or both of the following: 

(i) specific sequence an^lification' reaction primers targeted at 
a nucleic acid sequence characteristic of the genomic DNA region 
encoding for SEFA (ie. characteristic of SEQ ID No 1 or SEQ ID No 

3) , and capable of intiating specific sequence aiq}lification reaction 
production of these sequences in the presence of enzymes, such as 
polymerases or ligases; 

(ii) hybridization probes tainted at characteristic polynucleotide 
sequences of the region encoding for SEFA (ie. of SEQ ID No 1 or SEQ 
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ID No 3) and callable of selectively hjrtjridizing: with these under test 
conditions. 

Preferr^ kits coa^jrislng reagents for distinguishing a strain as 
being Sj — JtsEht may comprise antibodies capable of identifying one or 
more, but not all, of the SEPA encoding strains, or hybridoma cells 
enable of producing these. For example, the deposited cells referred 
to above or their antibodies which a3?e optionally in labelled form (as 
is understood in the art), more preferably immobilised on solid 
carriers. Alternatively the kits contain labelling agents such as 
latex particles which may be coloured, for conveniently use. 

The SEFA expression supporting media of PCT/GB 9I/OI96O may also be 
included for identifying the expressing strains, and thus providing 
evidence that S. typhi is not the strain present. Examples of 
preferred media ce^able of supporting SEFA ei^ression are sold by 
Oxoid under the trade name *Oxoid Sensitest Agar* and *Oxoid 
Iso-Sensitest Agar*. The use of these media is described in PCT/GB 
91/01960. 

Culture of the Salm onel la micro-organisms on the medium is by entirely 
standard conditions r eg by incubation at about ST'C until a sufficient 
number of the micro-oz^anisms having ^itopic sites on their fimbriae 
have grown* for exan9)le tOTically by ovemi^t incubation. An 
incubation temperature of above 22°C is preferred for the effective 
production of the SEFA bearing fimbriae. In applying the test in 
practice* a sample of the analyte eg. a suspected bodily material 
would be taken, containing a cross*section of all the micro-organisms 
present in the material, and these would then be cultured on the 
medium so that the salmonella, if present, grows amongr any other 
micro-organisms that mig^t be present. The presrace of other 
micro-organisms does not seem to adversely affect the test. 

Procedures for raising both polyclonal and mcmoclonal antibodies to 
salmonella surface antigens are well known. Thus, for exan^ile, g., 
enteratidis may be grown on a medium as described above so that 
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antigenic fimbriae are produced, these then may be used to immunise 
mice from which spleen ceUs are subsequently isolated and fused with 
a myeloma cell line to form hybridomas. These hybridomas may then be 
seeded into microwells and monitored for antibody production, eg by 
ELISA or a similar technique. Antibody-producing hybridomas may then 
be cloned to produce a mouse monoclonal antibody to the Salmonella 
fimbrial antigen. HABs may be produced by the known method of 
intraperitoneally injecting hybridoma 10 cells (eg; 10*) into mice 
and withdrasojig ascites after 20 days; this can be used in crude form 
if necessary. 

The exemplified monoclonal antibodies use further extends to (i) the 
determination of media suitable for growing salmonella possessing the 
required antigenic fimbriae and (ii) for identification of said 
antigenic fimbriae and antigens cQii5>risinfr the SEFA epitope itself. 
Thus further specific media suitable for the performance of the method 
of the invention may be easily identified by screening salmoneUa 
grown in them for the abUity to produce immunoagglutination with said 
MABs; a positive result indicating a suitable medium. Either the 
whole Salmonella micro-organisms (live or dead) or a part thereof 
which includes the fimbrial antigen with the SEFA epitopic site may be 
detected by the antibody. In the latter case methods are well known, 
eg. mild heat shock treatment at 60°C for 30 minutes, for detaching 
fimbriae from salmonella micro-organisms, and isolation of the 
fimbrial antigen in this way should lead to a more specific test 
result. 

The epitopic sites employed in this method are present on a fimbrial 
structure produced on the surface of S. Bntfirit.^H^« grown on the 
media described above and Ui yIyq, which is less than 6 nm in diameter 
and consists of identical repeating subunits each of molecular weight 
between 14,000 and 15,000. These fimbriae have a 'kinked' 
conformation such that they entangle and extend in a matted form to 
approximately 200nm from the cell surface. By applying size exclusion 
HPIX; and SDS-PAGE to the fimbrial antigen isolated in such a way it 
has been determined that the SEFA antigenic protein employed 
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appears to have a molecular weight of approximately 14,300. Isolated 
SEFA as described here has a major antigenic activity and its amino 
acid sequence is given below. 

In use of SEFA or an epitopic part thereof to determine the presence 
of SEFA antibodies in an analyte sample « the antigen in the form of 
whole micro-organisms, the isolated fimbriae or isolated SEFA or 
epitopic part thereof may be immobilised on a substrate such as a 
microtitre plate well, using known methods. This Immobilised antigen 
may be escposed to a solution suspected of containing the SEFA 
antibody, th^ after washing a second labelled antibody capable of 
binding to the unlabelled SEFA antibody may be applied (eg: a 
labelled anti*human Ig G) to the wells. After further washing 
detection of binding between this second antibody and the SEFA 
antibody itself bound to the immobilised antigen may then be observed 
by the presence of the bound label on the well. Other antibody/second 
antibody combinations will occur to the man skilled in the art (eg 
murine bovine or chicken antibodies/anti*-murine anti-bovine or 
anti-chicken second antibodies). 

In a yet further way the antibody may be immobilised on a substrate 
and the immobilised antibody may then be exposed to a solution 
containing the antigen in the f otm of for example whole 
micro-organisms, the Isolated fimbriae or the antigenic protein 
(SEFA) • together with an agent capable of competing with the antigen 
for binding sites on the antibody. Hie quantity of the agent binding 
to the immobilised antibody may then be determined, eg: by use of 
known, labelling techniques. For example the competing agent may be a 
labelled anti-mouse IgQ if the antibody is a mouse monoclonal, or may 
be labelled fimbrial antigen. The labels used in the above methods 
may be entirely conventional, and ways of labelling antibodies are 
well known. 

The test kits may contain further reagents and other items for 
performance of the two or more determinations necessary (ie. the SEFA 
determination and the serot^^ enteritidis /dublin/ typhi 
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determination) . For example as well the antibodies and the SEFA 
expression medium, visualising agents and standard result cards may be 
included. Depending upon the way in which the test is to be applied 
the antibody may be provided in the form of a solution, eg, for 
immunoagglutination or if the antigen is to be immobilised, or the 
antibody may be provided in the aforementioned immobilised form. The 
test kit may optionally also contain a further antibodies for further 
cross-checking salmonella serotype, instructions and appropriate 
vessels for carrying out the test. 

In the method of the present invention the presence of nucleic acid 
sequences characteristic of the genomic DNA from the region encoding 
SEFA, as defined by SEQ ID No 2 in the listing below* and preferably 
of the 527 basepair DNA sequence actiially encoding for SEFA, as 
illustrated in SEQ ID No 1 , is used to determine the presence of one 
of the aforesaid salmonella serotypes, and the serotype is further 
differentiated to determine the presence of S . typ hi or one of the 
esqiressing strains. 

The presence of one of the SEFA encoding region serotypes can be 
ascertained by use oligonucleotide probes and primers for the purpose 
of detecting SEFA encoding serotype genomic DNA. As well as the key 
characteristic sequences so defined sequences encoding for allelic 
variants of SEFA will cdso be characteristic of such serotypes. 

The polynucleotide sequence directly corresponding to SEFA is on the 
upper strand as shown above beginning ATQCTAATAQ and ending QTATCAAAAC 
in SEQ ID No 1. PCT/GB 91/OI69I provides recombinant DNA, plasmids 
and methods using them for genetically engineering organisms capable 
of expressing SEFA. 

Hiat patent further provides methods for determining the pres^ce of 
microorganisms having DNA or RNA polynucleotide sequence encoding for 
SEFA or an epi topic part thereof, allelic variants of these, or such 
DNA or RNA itself, comprising: (a) providing a saDq>le suspected of 
containing said encoding polynucleotide sequence; (b) determining the 
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presence of said sequence by monitoring hybridization of SEFA targeted 
polynucleotide probes to it. 

Such hybridization technique is carried out by methods that are now 
conventional in the art, using probes tdiich are coznprised of 
sequences complementary to a significant part of the target sequence 
and using ten^erature conditions suitable to achieved a desired 
stringency dependent on the degree of match of the probe to the 
target. Probes complementary to the length up to the entire 
target sequence may be used» 

Conveniently the characteristic sequence is detected, in both 
amplified and unamplified tests, by use of a hybridization probe 
suitably specific thereto which comprises any of the aforementioned 
seqtiences, more specifically being one of the sequences in a suitably 
labelled form eg. being labelled in some way as will be known to a 
man skilled in the art. Most conveniently the label idLll incorporate 
radioactive phosphorous (^^P) • A preferred such method comprises a 
PGR step (b) which employs primer pairs targeted to amplify 
characteristic sequences, a particularly preferred method comprises 
use of one primer selected from groups (A) and the other from group(B) 

Group A(SEQ ID No): Group B(SBCi ID No): 

kkt 5' -GTGKlAAT(XrEAATACn^ 3' B8: 5' -AAAACAGGCTnCCTKJICCA- 3' 
A5: 5' -TGan^AATCAGCATCTEGCA- 3' B9: 5' -TTAGC X;m'CTiXI AQAGCTGO- 3* 
A6: 5* -TCTGCAGTAGCAGTITCTIGC- 3' B10:5' -TTTmATACnKJT^ 3' 
A7: 5* -CXrCCAGMTACAACATCAGCCAA- 3' 

13iese are designated SBQ ID No 4 to 7 (A4-A7) and SEQ ID No 8 to 10 
(B8-B10) respectively in the listing below. 

Any of the possible pairs selected in this way will bind with the 
characteristic sequences sufficiently specifically enough for serotype 
determination purposes using PGR under standard conditions, ie: for 
determination of a salmonella as being a SEFA encoding serotype and 
thus of one of the serotypes listed above. 
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As will be understood by a man skilled in the art, sequences which 
will specifically hybridize with the characteristic sequences will 
include those sequences themselves, those having hlfi^i eg. 75% or more, 
preferably 90% or more conformity to such sequence, and sequences 
comprising either strand of the two con?)lementary sequences of any of 
these • Thus the step (c) of the method of this aspect of the 
invention may be carried out using a variety of hybridization probes 
that combine sufficiently specifically with the characteristic 
'target' sequence. For most purposes the primer sequences selected 
from those of groups (A) and (B) will be sufficiently specific to give 
reliable determination of the characteristic sequence, especially if a 
different 'primer* sequence is used for the probe of step (c) than 
those used for step (b) • 

In this way substantially larger quantities of the DNA sequmce may be 
made from the small quantities which may be available by isolation 

^ Slm — enter^feldifi . SL duhlin or ajaEhi thus increasing the 

amount of sequence available to be detected. The mere presence of 
increased amount of DNA may be used in this case to signify presence 
of target sequence. 

Conpar i SQn of S, typhi and s. pnteritidia dwa. in order to 
demonstrate the slmUarity between the SEFA encoding regions of 
genomic DNA from S, entftritldlfl and S, tvnhi' , the following 
experimental was carried out. 

1. Genomic DNA was extracted from S, tvnhi lyaia using a gentle lysis 
protocol described by Goldberg anif Ohoan (I9M J. Bact ISfi III5-II2I) 
and resuspended in TE {lOmM Trie pH 8, mM EDTA) to a final 
concentration of 2pg pi"*. 

2. Samples of Sj — typhi DNA (5pg) were denatured by adjusting to pH 
2.5 by addition of IM NaOH to give a final concentration of 0.3M. the 
DNA sample was spotted onto nylon filters, aUowed to air dry and the 
DNA fixed by UV irradiation. 
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3. sanpies of positive control DNA from S.entepitidis and negative 

control DNA from coli were treated as in 2. above and spotted 

onto the same filter in distinct locations. 4. A 583 basepair DNA 
fragment encoding the entire SEFA f inbrial antigen removed as a DraT 
excision product was radiolabelled using 32? by the random 
hexanudeotide labelling system (Amersham) as described by Feinberg 
and Vogelstein (1983. Analytical Biochem. 132. 6-13). The labeUed 
DNA was used in DNArDNA hybridization experiments using the filter 
prepared in 2. and 3. above following standard methods Woodward and 
Sullivan, 1991 J. Gen. Micro. 132. 1101-1109). Post hybridization 
washes were at eS'C with 0.1 x 3S0/0.1X SDS as the final wash 
solution. 5. Washed filters were air dried and then e^qxised to X-ray 
film (Puji-HX. RIM) . E^^osed film was developed using standard 
photographic procedures. DNA from S.enterit-tdis and S. tvnhi bound 
the probe tnth equal activity utoile the negative control DNA did not 
bind it at all. 

6. Ttotal genomic DNA (5|ig) extracted from &JaEiji Ty21a was digested 
to completion with various restriction endonucleases in separate 
experimfflits. Digested DNA was fractionated by standard gel 
electrophoresis. Southern blotted and hybridized as above (4. and 5.) 
Unique DNA bands bound the probe. 

7. S. typh i eenomic DNA (lOOng) was used in PGR eaperiments vitb the 
oligonucleotide primers of gcoups A and B as herein described. In 
each experinffint. using standard conditions (Talki et al. 1985. 
Science 23^: 1350-1354) an?»lified products of the desired size were 
obtained and each product was shown l^y Southern hybridization to be 
homologous uitii the 583 base pair probe. 

Thus ei^erlments 1. to ?• demonstrate the comoon SEFA encoding 
sequence as being present in S.tvnM as well as the previously 
determined presence in S. enteriMrtia and S. diibijn. 

Thus when seeking to differentiate the three SEFA serotypes by use of 
a polynucleotide sequence encoding for a specific antigenic amino-acid 
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sequence associated with one or two of them, but not all three it is 
clear that SEFA is likely to be of no utility. Conveniently sequences 
will thus be those for the p and Q antigens referred to above in the 
ioummological tests. 

The various aspects of the invention will now be described by way of 
the following non-limiting protocol exan^les. 

EXAMPLE 1: Test kit reagpntA AnrS protornl Pnn nco* 

A kit for determination of presence of S. tvphi is provided as 
follows. Probes/primers are selected from groups (A) and (B) above 
for use with standard laboratory reagents for hybridization probing 
and/or PGR reaction. Such probes may be purchased to order from 
companies such as Pharmacia UK, or synthesized according to standard 
techniques (see Gait M J (Edit.) 'Oligonucleotide synthesis- a 
practical approach'. IRL Press, Oxford (1984) and Beaucage & 
Camithers. Tetrahedron Letters 22 pl859-l862) . Radiolabelling and 
Southern blotting are carried out by conventional methods. 

Kit reagents provided for the purpose of identifying the SEFA encoding 

strain as of serotype tXBhi, or as one of the SEFA expressing 

strains, roo^rise monoclonal antibody directed at SEFA. a polyclonal 
antibody directed, to S. dubiin f lagella p antigen but not 
immunoreactive with enteritidls or typhi, a polyclonal antibody 
directed at Q component of S. dubiin and S, enter! fcidja flagella but 

not immunoreactive with typhi > reader cards and preferred growth 

medium optionaUy with any of the reagents (eg latex particles) below 
used in the test. 

Coating of Ifltm? To prepare a batch of latex coated with any of the 
antibodies. Materials; Glycine buff erred saline (QBS as above). 
Bovine serum albumen (fatty acids free) (Code A-6003. Sigma 
Chemicals) , coloured latex (colour chosen to identify a particular 
antibody on its surface), O.Smicrons, 10% suspension (Code K080, 
Estapor, Rhone-Poulene) , antibody containing fluid. Glass container of 
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the suitable size - Pressmatic dispenser (Bibby) - Dropper bottles - 
Labels - Rocking device 

Method; volumes of latex, antibody and GBS ^prppriate for that batch 
size are mixed in a glass container and incubated for 2 hours at 3T0 
with constant gentle rockingt centrifuged for 20 minutes at 3500 rpm. 
The supernatant is discarded and the latex resuspended in ^propriate 
volume of GBS containing 0,1% BSA ready for use. Control latex may be 
prepared by coating with normal mouse serum collected from 8-12 week 
old Balb/c mice. 

Positive control SEFA. p protein (re dublin) or G component (re 
enteritidis and dublin) is/are preferably included in the kit or a 
sample of a salmonella capable of producing them may be provided witfi 
a suitable media for cmabling SEFA expression for control test 
purposes. 

EXAMPLE 2: Use of tast kit nf RvAmnio 1 

Samples testing positive, as including SEFA coding region 
characteristic sequences in tests using probes or PGR amplification, 
were designated as containing organisms of the S. gm^Pm-M^-rg/ f^, 
dublin repressing type or of S, fcvnhi. and thus put forward for 
differentiation by the following. 

Sanyples were exposed to test latexes as prepared above are conqyared 
with controls using reader cards. One test latex is used to identify 
presence of SEFA bearing materials '(eg; whole organisms) . The 
further test latexes are used to differentiate S, enteritjrt-ffi ^ 

duhlin and Sj £yQhl« in this protocol S. tvoht does not react with 

any of the antibodies, although other protocols using positive 
identification will occur to those skilled in the art. The control 
latex aids determination of false positives caused by, inter alia, 
autoagglutination. The positive control and reader cards are used 
to determine degree of response. 
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Note; other commercially available antisera are available which are 
capable of differential binding with these three significant SEFA 
expressing serotypes; for example: Northumbria Biologicals Ltd UK 
-Pasteur Products- supply: 


Product number 

Antisera 


Distinguishes 

2061121 

Monovalent H antisera 

g.m 

enter* from dublin 

2061117 

Monovalent H antisera 

m 

enter' from dublin+ typhi 

2061118 

Monovalent H antisera 

P 

dublin from enter* + typhi 


Further such antisera are available from Wellcome Reagents Ltd and 
are coded in their AL/ZD codes: fdM7A6M/ZDlS,lii,15. 
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(K) RELEVANT RESIDUES IN SEQ ID NO: 1: FROM 1 TO 238? 
(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 1: 
GATCCTTGTT TTTTTTCTTA AATTTTTAAA ATGGCGTGAG TATATTAGCA TCCGCACAGA 60 


TAAATIGTGC GA ATG CTA ATA GTT GAT TTT TOG AGA TTT TGT AAT ATG 108 
Met Leu lie Val Asp Phe Trp Arg Phe Cys Asn Met 
15 10 

CGT AAA TCA GCA TCT GCA GTA GCA GTT CTT GCT TTA ATI GCA TGT GGC I56 
Arg Lys Ser Ala Ser Ala Val Ala Val Leu Ala Leu He Ala Cys Gly 
15 20 25 

AGT GCC CAC GCA GCT GGC TTT GTT GGT AAC AAA GCA GAG CTT CAG GCA 204 
Ser Ala His Ala Ala Gly Phe Val Gly Asn Lys Ala Glu Val Gin Ala 
30 35 40 

GCG GTT ACT ATT GCA GCT CAG AAT ACA ACA TCA GCC AAC TKS AGT CAG 252 
Ala Val Thr He Ala Ala Gin Asn Thr Thr Ser Ala Asn Trp Ser Gin 
'♦S 50 55 60 

GAT CCT GGC TTT ACA QGG CCT GCT GTT GCT GCT GGT CAG AAA GTT GGT 300 
Asp Pro Gly Phe Thr Gly Pro Ala Val Ala Ala Gly Gin Lys Val Gly 
65 70 75 

ACT CTC AGC ATT ACT GCT ACT CHIT CCA CAT AAC TCA GTA TCT ATT GCA 348 
Thr Leu Ser lie Thr Ala Thr Qly Pro His Asn Ser Val Ser He Ala 
80 85 90 

GGT AAA OGQ GCT TCG GTA TCT GOT GOT GTA GCC ACT GTC CCG TTC GTT 396 
Gly Lys Gly Ala Ser Val Ser Gly Gly Val Ala Thr Val Pro Phe Val 
95 100 105 

GAT GGA CAA QGA CAQ CCT CTT TTC CCT GCX5 CCT ATT CAG GGA GCC AAT 444 
Asp Gly Gin Gly Gin Pro Val Phe Arg Qly Arg He Gin Gly Ala Asn 
110 115 120 

ATT AAT QAC CAA GCA AAT ACT GGA ATT GAC GGG CTT GCA GCT TGG CGA 492 
He Asn Asp Gin Ala Asn Thr Gly He Asp Gly Leu Ala Gly Trp Arg 
125 130 135 140 

GTT ©:C AGC TCT CAA GAA ACG CTA AAT GTC CCT GTC ACA ACC TTT GCT 540 
Val Ala Ser Ser Gin Glu Thr Leu Asn Val Pro Val Thr Thr Phe Gly 
145 150 155 


AAA TCG ACC CTG CCA GCA GCT ACT TTC ACT GCG ACC TTC TAC CTT CAG 
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Lys Ser Thr Leu Pro Ala Gly Thr Phe Thr Ala Thr Phe Tyr Val Gin 
160 165 170 

GAG TAT CAA AAC TAATrrAATT TAAACTTTAT AAATGCCCTC AATATQAQCG 640 
Gin Tyr Gin Asn 
175 

AGnTTGQATA ATTTTATTAT TTTAAAAATA TCTATTTTGA ATAGATAGGT TTTATGCTTC 700 

CATGCAAAAA CTTAAAGAGG GATTATGTAT ATTTTGAATA AATTTATACG TAGAACTGTT 760 

ATCirrrroc ttttttttgc taccttccaa ttgcttcttc ggaaagtaaa aaaattgagc 820 

AACCATTATT AACACAAAAA TATTATOSCC TAAGATTGGG CACTACACGT GTTATTTATA 880 

AAGAAGATGC TCCATCAACA AGTrrTTQGA TTATGAATGA AAAAGAATAT CCAATCCTTG 940 

TTCAAACTCA AGTATATAAT GATGATAAAT CATCAAAAGC TCCATTTATT GTAACACCAC 1000 

CTATrTTGAA AGTTGAAAGT AATGCGCGAA CAAGATTGAA GGTAATACCA ACAAGTAATC 1060 

TATTCAATAA AAATQAGGAG TCTTTGTATT GGITGTGTGr AAAAGGAGTC CCACCACTAA 1120 

ATGATAATGA AAGCAATAAT AAAAACAACA TAACTACGAA TCTTAATGTG AATGTGGTTA 1180 

CGAATAGTTG TATTAAATTA AITTATAGGC CTAAAACTAT AGACTTAACG ACAATGGAGA 1240 

TTGCAGATAA ATTAAAGTTA GAGAGAAAAG GAAATAGTAT AGTTATAAAG AATCCAACAT 1300 

CATCATATGT GAATAnXSCA AATATTAAAT CTGCrAATlT AAGTTTTAAT ATTCCAAATC I36O 

GATATATTGA GCCATTTOGA TATGCTCAAT TACCTGGTGG AGTACATAGT AAAATAACTT 1420 

TGACTATETr GGATGATAAC GGCGCTQAAA TTATAAGAGA ATTATTAGTr TAAGGICTAA l480 

aacaaatgaa gaaaaccaca attactctat TiGrnTAAC cagtgtattt cactctggaa 1540 

ATGTTnCTC CAGACAATAT AATTTOGACT ATOGAACrTT GACTCTTCTC CCGCTGAQAA I6OO 

TGCATCTirr CTAAGIGTIXJ AAAOGCITCC CrGGTAATTA TGnGTIGAT GTATATTreA I66O 

ATAATCAGIT AAAAGAAACr ACTGAGrrGT ATTTCAAATC AATGACTCAG ACTCTAGAAC 1720 

CATGCTTAAC AAAAGAAAAA CTIATAAAGr ATOQQATCX CATCCAOSAG CTTCATGQGT I78O 

TGCAOrrraA TAATGAACAA TGCGTTCTCT TAQAOCATTC TCCTCTTTAA ATATACTTAT 1840 

AACGCQGCTA ACC^AAGITr GCTTTTAAAT QCACCATCTA AAATTCTATC TCCAATAGAC I9OO 

agtqaaattq ctgatqaaaa tatctgggat qatgqcatta acgcitttct TrrAAATTAG i960 

AQAGCTTAAT TATTTGCATT CTAAGGTTGG AGQAQAGAGA TTCATACTTT GGTCAAATTC 2020 

AAGCrTGGTT TTAATTnGG TCOrCGGCGG CTAAGGAATC TATCATCTTG GCAAAACTTG 2080 

TCAAQCGAAA AAAAATTTGA ATCAGCATAT ATTTATGCTG AGCGAGGTTT AAAAAAAATA 2l40 

AAGAGCAAAC TAACAGHXHS GGACAAATAT ACCAGTGCAG ATrTATTCGA TAGCGTACCA 2200 

TTTAGAGGCT TTTCTTTAAA TAAAGATGAA AGTATGATAC CTTTCTCACA GAGAACATAT 2260 
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TATCCAACAA TACGTGGTAT TGCQAAAACC AATGCGACTG TAGAAGTAAG ACAAAATGGA 2320 
TACTTGATAT ATTCTACTTC AGTCCCCCCC GGCSCAATTCG AGATAGGTAG AGAACAAATT 2380 


CTGATC 


2) INFORMATION FOR SEQ ID NO: 2: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 176 amino acids 

(B) TYPE: amino acid 
(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: protein 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 2: 

Met Leu lie Val Asp Phe Trp Arg Phe Cys Asn Met Arg Lys Ser Ala 
15 10 15 

Ser Ala Val Ala Val Leu Ala Leu He Ala Cys Qly Ser Ala His Ala 
20 25 30 

Ala Gly Phe Val Gly Asn Lys Ala Glu Val Gin Ala Ala Val Thr He 
35 40 45 

Ala Ala Gin Asn Thr Thr Ser Ala Asn Trp Ser Gin Asp Pro Gly Phe 
50 55 60 

Thr Gly Pro Ala Val Ala Ala Gly Gin Lys Val Gly Thr Leu Ser He 
65 70 75 80 

Thr Ala Thr Gly Pro His Asn Ser Val Ser He Ala Gly Lys Gly Ala 
85 90 95 

Ser Val Ser Gly Gly Val Ala Thr Val Pro Phe Val Asp Gly Gin Gly 
100 105 110 

Gin Pro Val Phe Arg Gly Arg He Gin Gly Ala Asn He Asn Asp Gin 
115 120 125 

Ala Asn Thr Gly He Asp Gly Leu Ala Gly Trp Arg Val Ala Ser Ser 
130 135 140 

Gin Glu Thr Leu Asn Val Pro Val Thr Thr Phe Gly Lys Ser Thr Leu 
I'^S 150 155 160 

Pro Ala Qly Thr Phe Thr Ala Thr Phe Tyr Val Gin Gin Tyr Gin Asn 
165 170 175 


2) INFQRHATION FOR SEQ ID NO: 3: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LBfGTH: 2387 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: double 

(D) TOPOLOGY: linear 
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i) MOLECULE T5fPE: DNA (genomic) 

(iii) HTPGTHETICAL: KO 

(ill) ASn-SENSE: NO 

(vl) ORIGINAL SOimCB: 

(A) ORGANISM: Salmonella enteritidis/Salmonella typhi 

(x) PDBLICAnON INFORMATION: 

(H) DOCUMENT NUMBER: WO 9206197 Al 

(I) FILING DATE: Ol-OCT-1991 

(J) PUBLICATION DATE: 16-APR-1992 

(K) REIBVANT RESIDUES IN SBQ ID NO: 3: PROM 1 TO 238? 

(x) PUBLICATION INFORMATION: 

(H) DOCUMENT NUMBER: WO 9206198 A 

(I) FILING DATE: Ol-OCT-1991 

(J) PUBLICATION DATE: 16-APR-1992 

(K) RELEVANT RESIDUES IN SBQ ID NO: 3: FROM 1 TO 238? 
(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 3: 

GATCAQCAAT •nGTTCTCTA CCTATCTCGA ATTGCCCGGG GGGGACIQAA GTAGAATATA 60 

TCAAGEATCC ATnTCTOrr ACTTCTACAG TCGCATTGGT TITCGCAATA OCACGTATTG 120 

TTGGATAATA TGTTCTCTGT GAGAAAGGTA TCATACTTTC ATCTTTATTT AAAGAAAAGC iBO 

CTCTAAATCG TACGCTATOG AATAAATCTG CACTGGTATA TTTC3TCCCCA ACTGTTAGTT 2k0 

TGCTCTTTAT TTTTTTTAAA CCTCGCTCAG CATAAATATA TGCTGATTCA AATrmTTT 300 

CKaTGACAA GTrrTGACAA GATGATAGAT TCCTTATCCG CCAGGGACCA AAATTAAAAC 360 

CAAGGTIGftA TTTGAOCAAA GrTATQAATCT CTCTCCTCCA AOCTTAGAAT GCAAATAAIT 420 

AAGCICKSrA ATirAAAAQA AAAGOGTTAA TQCCATCATC CCAGATAm* TCATCAGCAA 480 

mCACIGIC TirnXJOAGAT AGAATTTrAG ATGGIQCArr TAAAAGCAAA CTTTGGITAG 540 

CCGCOrrATA ACPrATATTTA AAGAGGAGAA TGCTCTAAGA GAAOGCATTG TKJATTATCA 600 

AACTGCAACC CATOAAGCTC CTGGATGGOG ATCCCATACT TTATAACrTT TTCTTrtGrr 660 

AAQCATOOTT CfEAGAOrCia AGTCATTGAT TTGAAATACA ACICAGIAGT TTCTTTTAAC 720 

TOATTATTCA AATATACA3C AACAACATAA TTACCAGGGA AaCGinXJAA CACITAGAAA 780 

AGATGCATTC TCACCGGQAG AAQACTCAAA CrTCCATAQT CGAAATTATA TTQTCTQQAG 840 

AAAACATTTC CAGACOXSAAA TACACTGQIT AAAACAAATA QAOrAATTCrr GGTTITCrrC 900 

ATTTGrTTTA CACCTTAAAC TAATAATTCT CrTATAATTT CAQCGCCQTT ATCATCCAAA 960 

ATAGICAAAG TTATTTTACT ATGTACTCCA CCAGGTAATT GAQCATATCC AAATGGCTCA 1020 
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ATATATCCAT TTGOAATATT AAAACTTAAA TTACWAGATT TAATATTTGC AATATTCACA IO8O 

TATOATGATQ TTaSATTCTr TATAACTATA CTATTTCCTT TTCTCTCTAA CTTTAATTTA Xl40 

TCTGCAATCT CCATTGrCXIT TAAGTCTATA GTTTTAGGCC TATAAATTAA TTTAATACAA 1200 

CTATTCQTAA CCACATTCAC ATTAAGATTC GTAGTTATGr TGTTTTTATT ATTGCTTTCA 1260 

TTATCATTTA GTrGGrGGGAC TCCTITTTACA CACAACXJAAT ACAAAGACTC CTCATTTTTA 1320 

TTGAATAGAT TACTTGriTGG TATTACCTTC AATCTTCrTC CJCGCATTACT TTCAACTTTC I38O 

AAAATAGGTC GTOrTACAAT AAATCXSAGCT TTTGATGATT TATCATCATT ATATACTTGA l440 

GTTTGAACAA GQATTGGATA TTCTTTITCA TTCATAATCC AAAAACTTCT TGATGOAGCA I5OO 

TCTTCTTTAT AAATAACACG TGTAGTGCCC AATCTTACKJC CATAATATIT TTCSTrCTTAAT I56O 

AATQGrrCCT CAATTTTTTT ACTTTCCX3AA GAAGCAATTG GAAGCTAGCA AAAAAAAGGA 1620 

AAAAGATAAC AGTTCTACGT ATAAATTTAT TCAAAATATA CATAATCCCT CTTTAACmT I68O 

TTGCATGQAA GCATAAAACC TATCTATTCA AAATAGATAT TnTAAAATA ATAAAATTAT IT^O 

CCAAACTCGC TCATATTGAG GGCATTTATA AAGTITAAAT TAAATTAGTT TTGATACTGC I8OO 

TGAACGTAGA AQGTCOCAGT GAAAGTACCT GCTGGCAGGG TCGATTTACC AAAGGTTGTG i860 

ACAGGGACAT TTAGCGTTTC TTGAGAGCTG GCAACTCGCC AACCTQCAAG CCCGTCAATT 1920 

CCAGTATTrG CTTGGTCATT AATATTGGCT CCCTOAATAC OCCCACGGAA AACAGGCTGT 1980 

CCTTGTCCAT CAACX3AACGG GACAGTGGCT ACACCACCAG ATACCGAAGC CCCTTTACCT 2040 

GCAATAGATA CTGAGTTATG TGGACCAGTA GCAGTAATGC TGAGAGTACC AACTTTCTGA 2100 

CCAGCAGCAA CAGCAQGCCC .TGTAAAOJCA GGATCCTQAC TCCAGTTGGC TGATGriOTA 2l60 

TTCTGAQCTG CAATACTAAC CGCTCCCTGA ACCTCTQCTT TOTTACCAAC AAAGCXJAGCT 2220 

GCerraiXAC TGCCACATQC AATTAAAGCA AQAACTOCTA CTOCAGATGC TGATTTACGC 2280 

atattacaaa atctccaaaa atcaactatt agcattogca caatttatct gigcggatgc 23'jo 

taatatactc acgccatttt aaaaatttaa gaaaaaaaac aaogatc 2387 
(2) information for seq id no: 4: 

(1) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 20 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: double 

(D) TOPOLOGY: linear 

(il) MOLECULE TYPE: DNA (genomic) 
(iii) HYPOTHETICAL: NO 
(iii) ANTI-SENSE: NO 
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(vi) ORIGINAL SOURCE: 

(A) ORGANISM: SalooneUa enteritidis/Salfflonella typhi 

(x) PUBLICATION INFOIfflATION: 

(H) DOClJMBrr NUMBER: WO 9206197 AI 

(I) FILING DATE: Ol-OCrr-1991 

(J) PUBLICATION DATE: 16-APR-1992 

(K) RELEVANT RESIDUES IN SEQ ID NO: 4: FROM 1 TO 20 

(x) PUBLICATION INFORMATION: 

(H) DOCUMENT NUMBER: WO 9206198 A 

(I) FILING DATE: Ol-OCT-1991 

(J) PUBLICATION DATE: 16-APR-1992 

(K) RELEVANT RESIDUES IN SEQ ID NO: 4: FROM 1 TO 20 

(x±) SEQUENCE DESCRIPTION: SEQ ID NO: 4: 

GTGCGAATGC TAATACITGA 20 

(2) INFORMATION FOR SEQ ID NO: 5: 


(i) SEQUENCE CHARACTERISTICS: 

(A) LENQTR: 20 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: double 

(D) TOPOLOG?: linear 

(ii) MOLECULE TYPE: DNA (genomic} 


(iii) HYPOTHETICAL: NO 
(iii) ANTI-SENSE: NO 


(vi) ORIGINAL SOURCE: 

(A) ORGANISM: Salmonella enteritidis /Salmonella typhi 

(x) PUBLICATION INFORMATION: 

(H) DOCUMENT NUMBER: HO 9206197 Al 

(I) FILING DATE: Ol-OCT-1991 

(J) PUBLICATION DATE: 16-AWI-1992 

(K) RELEVANT RBSIDDES IN SEQ ID NO: 3z FROM 1 TO 20 

(x) PUBLICATION INFtHtMATION: 

(H) DOCUMENT NUMBER: WO 9206198 A 

(I) FILIKG DATE: Ol-OCT-1991 . 
(J) PUBLICATION DATE: 16-APR-1992 

(K) RELEVANT RESIDUES IN 1^ ID NO: 5'- FROM 1 TO 20 

(xi) SBIUENCE DESCRIPTION: SEQ ID NO: 5: 
TGCGTAAATC AGCATCTGCA 20 


(2) INFORMATION FOR SEQ ID NO: 6: 

(i) SEQOQICE CHARACTERISTICS: 

(A) LBIGTH: 20 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: double 

(D) TOPOLOGY: linear 
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(li) MOLECULE TYPE: DNA (genomic) 

(lii) HYPOTHEnCAL: NO 

(ill) ANTI-SENSE: NO 

(vi) ORIGINAL SOURCE: 

(A) ORQANISH: Salmonella enter! tidls/Salmonella typhi 

(x) PUBLICATION INFORMATION: 

(H) DOCUHMT NUMBER: WO 9206197 Al 

(I) FILING DATE: Ol-OCT-1991 

(J) PUBLICATION DATE: 16-APR-1992 

(K) RELEVANT RESIDUES IN SBQ ID IK): 6: FROM 1 TO 20 

(x) PUBLICATION INFORMATION: 

(H) DOCUMENT NUMBER: WO 9206198 A 

(I) FIUNG DATE: Ol-OCT-1991 

(J) PUBLICATION DATE: 16-APR-1992 

(K) RELEVANT RESIDUES IN SEQ ID NO: 6: FROM 1 TO 20 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 6: 

TCTGCAGTAG CAGTICTTGC 20 

(2) INFORMATION FOR SEQ ID NO: ?: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 23 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: double 

(D) TOPOLOGY: linear 

(li) MOLECULE TYPE: DNA (genomic) 
(iii) HYPOTHETICAL: NO 
(iii) ANTI-SENSE: NO 

(vi) ORIGINAL SOURCE: 

(A) ORGANISM: Salmonella enterltidis/Salmonella typhi 

(x) PUBLICATION INFORMATION: 

(H) DOCUHOfT NUMBER: WO 9206197 Al 

(I) FILING DATE: Ol-OCT-1991 

(J) PUBLICATION DATE: 16-APR-1992 

(K) RELEVANT RESIDUES IN SEQ ID NO: 7: FROM 1 TO 23 

(x) PUBLICATION INFORMATION: 

(H) DOCUMENT NUMBER: WO 9206198 A 

(I) FILING DATE: Ol-OCT-1991 

(J) PUBLICATION DATE: 16-APR-1992 

(K) RELEVANT RESIDUES IN SEQ ID NO: 7: FROM 1 TO 23 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 7: 
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GCTCAGAATA CAACATCAQC CAA 
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(2) INEDBMAnON FOR SEQ ID NO: 8: 

(i) SEQUENCE CHARACTERISUCS- 
A) LENGTH: 21 base 

(B) TYPE: nucleic add 

(C) STRANDEDNESSr double 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: DNA (genofflic) 
(iii) HYPOTHETICAL: NO 
(iii) ANTI-SHBE: NO 
(vi) ORIGINAL SOURCE- 

(A) OBOmm, «terltldis/S<a«»,elU tj^ 

(x) PUBLICATION INFORMATION- 

(H) DOCUMENT NUMBER: WO 9206197 Al 
I) PILING DATE: Ol-OCT-lOqi 
J PUBLICATION DATE: 16-APR-1902 
(K) RELEVANT RESIDUES IN SeS T^O: 8: PROM 1 TO 21 
(x) PUBLICATION INFORMATION- 

(H) DOCTMENT NUMBER: HO 9206198 A 

(I) FILING DATE: Ol-OCr-1991 

lil !S?"CATION DATE: 16-APH-1992 

(K) RELEVANT RESIDUES IN SEQ Tm: S: mm 1 TO 21 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 8: 

AAAACAGGCT GTCCTTGTCC A 

21 

(2) INFORMATION FDR SEQ ID NO: 9: 
(i) SEQUENCE CHARACTERISTICS- 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: double 
(DJ TOPOLOGY: linear 

(nx) HYPOTHETICAL: NO '^""^^V 
(Iii) ANTI-SB4SE: NO 

(vl) ORIGINAL SOURCE: 

(A) ORGANISM: Salmonella eat^tsA^ /e , 

»™Riia enteritidis/SalmoneUa typhi 

(x) PUBLICATION INFORMATION- 

(H) DOCUMENT NUMBER: WO 9206197 Al 

(I FILING DATE: Ol-OCT-wS 

(J PUBLICATION DATE: 16-5r-1992 

(K) REtarANT RESIDUES IN SeS TuO: 9: FROM 1 T. 2387 
(x) PUBLICATION INFORMATION- 

(H) DOCUMENT NUMBER: WO 9206198 A 
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(I) PILING DATE: OI-OCT-I991 

(J) PUBLICATION DATE: I6-APR-1992 

(K) RELEVANT RESIDUES IN SEQ ID NO: 9: PRpM 1 TO 238? 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 9: 
TTAGCGTITC TTGAGAGCTO G 


(2) INFORMATION FOR SEQ ID NO: 10: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 21 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEONESS: double 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: DNA (genomic) 
(iii) HYPOTHETICAL: NO 


(iii) ANTI-SENSE: NO 


(vi) ORIGINAL SOURCE: 

(A) ORGANISM: Salmonella enteritidis/Salmonella typhi 

(x) PUBLICATION INFORMATION: 

(H) DOCUMHIT NUMBER: WO 9206197 Al 

(I) FILING DATE: OI-OCT-I991 

(J) PUBLICATION DATE: I6-APR-I992 

(K) RELEVANT RESIDUES IN SEQ ID NO: 10: FROM 1 TO 238? 

(x) PUBUCATION INFORMATION: 

(H) DOCUMENT NUMBER: WO 9206198 A 

(I) FILING DATE: OI-OCT-I991 

(J) PUBUCATION DATE: I6-APR-I992 

(K) RELEVANT RESIDUES IN SEQ ID NO: 10: FROM 1 TO 238? 

SEQUENCE DESCRIPTION: SEQ ID NO: 10- 

TTTTGATACT GCTGAACGIA G 


wo 93/20231 


PCr/GB93/00647 


28 


CLAIMS 

1. A method for testing for the presence of microorganisms of 
salmoneUa serotype S. typhi comprising testing a sample of a 
material under Investigation for the presence of a nucleic acid 
sequence characteristic of the genomic DNA from the region encoding 
for SEFA (amino acid SEQ ID No 2) or its alleles and relating the 
presence of any of these to the presence of that serotype. 

2. A method as claimed in claim 1 wherein the sample is tested for 
the presence of a nucleic acid sequence characteristic of either 
one of SEQ ID No 1 and SEQ ID No 3. 

3. A method as claimed in claim 1 wherein the sequences 
characteristic of the SEFA encoding region are present within the 
sequence that directly encodes for SEFA. as herein described in SEQ ID 
No 1 as bases 73 to 600 or in SEQ ID No 3 as bases I788 to 2315. 

^. A method as claimed in any one of claims 1 to 3 comprising 
exposing DNA or UNA derived ftom the material to one or more 
hybridi2ation probes targeted at said sequence and relating the 
occurrence of specific hybridization to the presence of said serotype. 

5. A method as claimed in any one of claims 1 to 3 comprising 
subjecting the sample to conditions under which the characteristic 
sequences are replicated by use of a specific sequence amplification 
reaction and relating the production of amplification product to the 
presence of S. tvnM. 

6. A method as claimed in claim 5 wherein the specific sequence 
amplification reaction is a polymerase chain reaction. 

7. A method as claimed in claim 5 or claim 6 wherein the Identity of 
any repUcate sequence produced by the amplification reaction is 
determined by exposing it to polynucleotide hybridization probes 
targeted at it and relating the occurrence of specific hybridization 
to the presence of that sequence. 
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8. A method for testing for the presence of microorganisms and/or 
nuc^e^c acids of salmonella serotypes ^...a.,^ , 

dublin comprising: °^ ^ 

(a) testing a sample of a material under investigation for the 

presence of a nucleic acid sequence characteristic of the genomic DNA 

from the region encoding for SEFA (amino acid SBQ ID No 2) or its 

alleles and relating the presence of any of these to *-ho 

«n» 1.U tnese to the presence of 

one of these serotypes: 

(b) testl,^ the ...pu or . further of the ..tertal for th. 
P«.«ce Of „ ^ ____ 

POly«a«,u* s«,u«„:. enoodlhs for s,„* antigenic «^ .dd 
.«^ce. said acid .e«enc= bei^ as.oci.t«i .ith one or .or. 

fLT-^Tf^' ^^^^ ~t 
oHlir Of this to the p^ce 

of S . r , vnM or s. mffHtldta or s. 

Itlrr " '^'-''•^0 <*™^ ."P (a) u c.rri«> out 
testiot: t^ "^le for the preaenc. of a nucleic «:id ae^e 
ch»«=ten.tic of either one of SEO. ID «o 1 or SIQ. »o 3. 

10. A «thod as cl.i.«i in clI. 8 or 9 .herein the asino ecid 

sequence comprises that of <5 ^..ui,*^ 

ent«w«H. n a^-AlbLui p protein or g. fliiMln/S. 

fiOterttlfltB a component. 

lb.' a* IT "e Of clai^ 8 to 10 herein for step 

(b) a culture «diu. capable of supporting e^s,cn of SEFA by S. 

or S^^^ u innoc^ated «th . sample of the ..terial 
u^r in^atisati™. and incuheted. the re.ult«.t .ediuo h«ng tested 

for ejQ)res8ed SEFA. ^.e^tea 

12. A a. clal>.ed in cl.i„ ,1 .herein the culture medio. 

' ''-^y^^^ Citrate 

.«r. McOonkey ...r. Nutrient ager. Sal«.«u. Shigella agar. Sheep 

^^ e^. Xyloae Lysine descholate. o^d Isosensitest agar or O^d 

bensltest agar. 
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13. A method as clalned in claim 11 wherein the culture medium 
consists of Qxoid Isosensitest agar or Oxoid Sensitest agar. 

m. A method as claimed in any one of claims 11. 12 or 13 wherein the 
culture is carried out at a temperature greater than 22?C. 

15. A method as claimed in any one of claims 4 to 7 wherein the 
probes or primer sequences are selected from SBCl ID Nos 4 to 10. 

16. A method as claimed in either of claims 6 and 7 wherein the 
primers are selected one from each of groups (A) and (B): 

A' Group B: 

^^^ok SBQ ID No 8 

«° 5 SEQ ID No 9 

^^^«06 SEQIDNolO 
SEQ ID No 7 

17. A method as claimed in any one of claims 4 or 7 wherein the 
probe selected from sequences of either of groups A or B described in 
Claim 15 provided that where the polymerase chain reaction is used the 
probe sequence is different to that of either of the primers used for 
step (b). 

18. A test kit for performing a test as claimed in any one of claims 
1 to 17 comprising one or both of: 

(a) polymerase chain reacUon probes targeted at characteristic parts 
of polynucleotide sequences encoding for SBFA or an epitopic part 
thereof and capable of intiating polymerase chain reaction production 
of these sequences in the presence of taq polymerase and 

(b) hybridization probes targeted at characteristic parts of 
polynucleotide sequences encoding for SEFA or an epitopic part thereof 
and 

18. A test kit as claimed in claim 17 further comprising one or more of: 
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(i) antibodies to SEFA or an epi topic part thereof or cells capable 
of producing those antibodies; 

(ii) SEFA or an epitopic part thereof in the form of cells t fimbria 
isolated SEFA or said part or any of these immobilised onto a surface; 

(iii) secondary antibodies capable of specific binding to the 
antibodies to SEFA or to antibodies to the epitopic part thereof and 

(vi) medium or media capable of supporting or switching off 
expression of SEFA by S. enterttldis and/or dublin 
or essential components for preparing such medium or media. 

19* A test kit as claimed in claim 18 wherein the antibodies 
are immobilised on a solid carrier. 

20. A test kit as claimed in claim 18 or 19 further comprising an 
antibody labelling agent. 

21 • A test kit as claimed in Claim 20 wherein the labelling agent 
comprises latex particles, 

22, A test kit as claimed in any one of Claims 18 to 21 wherein the 
antibodies are in labelled form, 

23, A test kit as claimed in Claim 22 trtierein the components comprise 
the dry components for preparation of peptone water pH 7.2, peptone 
water pH 6.0 or a Medium B (as herein described). 

24, A test kit as claimed in Claim 23 wherein the Medium B is 
Sensitest agar or Isosensitest agar. 

25, A test kit as claimed in Claim I8 wherein the SEFA or epitopic 
part thereof or antibodies thereto are immobilised on a microtitre 
plate. 
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26. A test kit as claimed in claim l8 cos^rising hybridization probes 
targeted at sequences characteristic of SEQ. ID 2 or SEQ. ID No 3* 

27. A test kit as claimed in claim 26 wherein the . probes comprise 
sequences comprising sequence directly coding for SEFA. 

28. A test kit as claimed in claim I8 cos^rising primers and probes 
having sequences selected from the groups (A) and (B) set out in 
claim 16. 
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gAmONELLA POLYNUCLEOTIDE SEQUENCE 

This invention relates to polynucleotides (DNA) comprising a sequence 
characteristic of certain serotypes of the genus Salmonella; to the 
use of sequences comprising the characteristic sequence as polymerase 
chain reaction and hybridization targets for the identification of 
said serotypes and to test kits for this; to the use of 
polynucleotides comprising the sequence to transform suitable host 
cells to make them capable of expressing amino acid sequences 
characteristic of said strains; to said amino acid sequence when so 
expressed and kits containing them; and to plasmids and transformed 
cells containing said polynucleotide sequences* 

Organisms of the genus Salmonella, in particular S, enter! tidis . S. 
dllblin and S. tvphlmurium are responsible for infective food 
poisoning caused by their ingestion in contaminated food. Infection 
with Salmonella may also occur as a result of contact with 
contaminated materials. Once ingested t Salmonella is able to 
establish itself in the gut and multiply rapidly » resulting in the 
appearance of clinical symptoms several days after the initial 
ingestion. 

It is therefore highly desirable to provide test methods by means of 
which Salmonella organisms may be detected. In recent years 
immunological tests have been devised in which specific antibodies, 
particularly monoclonal antibodies ("MABs**), to specific antigens are 
raised and which by exploitation of the antigen - antibody specific 
binding reaction the presence of the antigen can be detected* Such 
tests are fast and very specific. 

It is known that Salmonella organisms have fimbria like structures on 
their sm^face (Duguid; J. P and R. R. Gillies (1958) J. Pathol. 
Bacterid. 25:519-520) and published evidence (Clegg, S., and G. F. 
Gerlach (198?) J. Bacteriol. lfi2:93**-938. ) suggests that there are 
antigenically distinct types of fimbriae, ie. possessing specific 
epitopes on the fimbrial antigens. The possibility of immunogenic 
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tests for Salmonella, at least S, enteri ti'dia. based upon these 
fimbrial antigens has been suggested (BIAFF. Central Veterinary 
Laboratory "Animal Health" (1989): 33)- Methods of raising MABs to 
antigens on the surface of micro-organisms such as Salmonella are 
generally known. 

Unfortunately known methods for raising antibodies to Salmonella 
surface antigens only go part way toward providing an immunological 
test for Salmonella. The basis of all these tests is to isolate 
micro-organisms from a sample suspected of harbouring Salmonella, then 
to grow the micro-organisms in vitro in a suitable culture medium 
until a quantity of the Salmonella sufficient to detect by such a test 
is believed to be present in the medixim, and then applying the test. 
A problem occurs in that although Salmonella micro-organisms produce 
their fimbrial antigen when they grow in vivo - eg. in the gut, in 
animal tissues or fluids, in food products and in some natural 
environments, many of the fimbrial antigens are not produced when they 
are grown in vitro . 

The present inventors have determined the polynucleotide sequence 
responsible for producing a characteristic fimbrial antigen. 
Salmonella enteritidis fimbrial antigen (SEFA). SEFA has an amino 
acid sequence f owning an epitope on the fimbria ' in vivo ' which is 
specifically found encoded by the DNA of the species S. entftritidic 

and some strains of the species a. dublia and S, MoBCfw but which is 

apparently absent in virtually all other serotypes. The 
identification and recognition of the significance of this sequence 
provides the basis for a number of determinative tests for the 
presence of the particular organisms or DMA/RNA derived from them and 
provides a method for production of transformed organisms enable of 
es^ressing SEFA or epitopic parts of SEFA. 

The amino acid sequence of SEFA is provided below; it is of course to 
be expected that allelic variation will occur in some organisms. 
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AMINO ACID S ROITRWnP. QP SALMONELLA ENTERITIDIS FIMBRIAL ANTIGEN 


MLIVDFWRFCNHRKSASAVAVLALIACGSAHAAGF 
VGNKAEVQAAVTIAAQNTTSANWSQDPGFTGPAVA 
AGQKVGTLSITATGPHNSVSIAGKGASVSGGVATV 
PFVDGQGQPVFRGRIQGANINDQANTGIDGLAGWR 
VASSQETLNVPVTTFGKSTLPAGTFTATFYVQQYQ 
N 


The codes above are standard codes, read amino-texmnal to carboxy 
-terminal, left to right. H to N. according to the following key: 


Amino acid 


Alanine 

A 

Lysine 

K 

Arginine 

R 

Methionine 

H 

Asparagine 

N 

Phenylalanine 

F 

Aspartic acid 

D 

Proline 

P 

Cysteine 

C 

Pyroglutamyl 

♦E 

Glutamic acid 

E 

Serine 

S 

Glutamine 

Q 

Threonine 

T 

Glycine 

G 

Tryptophan 

W 

Histidine 

H 

Tyrosine 

Y 

Isoleucine 

I 

Valine 

V 

Leucine 

L 


Thus in its broadest Form the present invention relates to DNA which 
forms all or part of the coding sequence for the SEPA sequence above 
or to allelic variants of that sequence* which carry the codons for 
its characteristic epitopes. 

A first preferred aspect of the present invention provides recombinant 
DNA comprising the sequences 1 and II: 
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Sequence I 

5*- G CTCAC3AATAC AACATCAQCC 
3'- C GAGTCTTATQ TTGTAGTCGG 
230 240 


Sequence II 

5»- CCTGG CTTTACAGGG CCTGCTGTTG CTGCTGGTCA GAAAGTTGGT 
3'- GGACC GAAATGrrCCC GGACGACAAC GACGACCAGT CTTTCAACCA 
260 270 280 290 300 


ACTCTCAGCA TTACTGCTAC TGQTCCACAT AACTCAGTAT CTATTGCAGG TAAAGGGGCT 
TGAGAGTCGT AATGACGATG ACCAGGTGTA TTGAGTCATA GATAACGTCC ATTTCCCCGA 
310 320 330 340 350 360 

TCGGTATCTG GTGGTGTAGC CACTGTCCCG TTCXTrTGATG GACAAGGACA GCCTGTriT -3' 
AGCCATAGAC CACCACATCG GTGACAGGGC AAGCAACTAC CTGTTCCTGT CGGACAAAA -5' 
370 380 390 400 410 


sequences degenerately equivalent thereto, or sequences encoding 
for allelic variants of the part of SEFA for which the sequences I 
and II encode* 

The numerals below each ten base pair sequence in sequence I and II 
above are those designating the position of the individual base pairs 
in a larger characteristic sequence that comprises the entire SEFA 
antigen coding polynucleotide sequence. 


AACTGQAGTC AGGAT -3 ' 
TTGACCTCAG TCCTA -5' 
250 
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By 'degenerately equivalent* is meant that substitute codons are 
present » these being codons which though they differ in their 
nucleotide base sequence from the codons identified in sequences I 
and II above, still code for the same amino acid, as will be 
understood by a man skilled in the art. 

Preferred recombinant DNA of the invention, comprising sequences I 
and II, is that comprising sequences III and IV: 

Seqtience III 


5*- ATGCTAAT AGTTGATnT TGGAGATTTT GTAATATGCG TAAATCAGCA 
3'- TACGATTA TCAACTAAAA ACCTCTAAAA CATTATACGC ATTTAGTCGT 
80 90 100 110 120 

TCTGCAGTAG CACmCTTGC TTTAAITGCA TGTGGCAGTG CCCACGCAGC tGGCriTGTT 
AGACGTCATC OTCAAGAACG AAATTAACGT ACACCGTCAC GGGTGCCnCG ACCGAAACAA 
130 1^0 150 160 170 180 


GCTAACAAAG CAGAGGTTCA GGCACKJGGTr ACTATTGCAG CTCAGAATAC AACATCAGCC 
CCATTGTrrC GTCTCCAAGT CCGTCGCXIAA TQATAACGTC GAGTrCTTATG rrCTTAGTCGG 
190 200 210 220 230 240 


AACTGGAGTC AGGAT -3* 
TIGACCTCAG TCCTA -5' 
250 

Sequence IV 

5*- CCTGG CTTTACAGGG CCTGCTGTTG CTGCTGGTCA GAAAGTTGGT 
3'- GGACC GAAATGTCCC GGACGACAAC GACGACCAGT CTTTCAACCA 
260 270 280 290 300 
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ACTCTCAGCA TTACTGCTAC TGGTCCACAT AACTCAGTAT CTATTGCAQQ TAAAGGGGCT 
TGAGAGTCCT AATGACGATG ACCAQGTOTA TTGAGTrCATA GATAACGTCC ATTTCCCCGA 
310 320 330 340 350 360 


TCGGTATCTG GTGGTGTAGC CACTGTCCCG TTCCriTGATG GACAAGGACA GCCTGTTITC 
AGCCATAGAC CACCACATCG GTGACAGGGC AAGCAACTAC CTGrTCCTGT CGGACAAAAG 
370 380 390 400 4lO 420 


CGTGGGCGTA TTCAGGGAGC CAATATTAAT GACCAAGCAA ATACTGGAAT TGACGGGCTT 
GCACCCGCAT AAGTCCCTCG GTTATAATTA CTGGTTCGTT TATGACCTTA ACTGCCCGAA 
430 440 450 460 470 480 


GCAGGTTGGC GAGITGCCAG CTCTCAAGAA ACGCTAAATG TCCXnXSTCAC AACCTTTQGT 
CGTCCAAOCG CTCAACGGTC GAGAGTTCTT TQCGATTTAC AGGGACACrTG rTGGAAACCA 
490 500 510 520 530 540 


AAATCGACCC TGCCAGCAGG TACTITCACT GCGACCTTGT ACGTTCAGCA GTATCAAAAC "3* 
TITAGCTGGG ACGGTCGTCC ATGAAAGTGA CGCTGGAAGA TGCAAGTCGT CATACrmTG -5' 
550 560 570 580 590 600 

sequences degenerately equivalent thereto or sequences which 
encode for allelic variants of SEPA. 

The significance of sequences III and IV is that when they run 
contiguously together, such that the -3' end of the top strand of 
sequence III is immediately followed by the top strand 5*- end of 
sequence IV, they consist of the polynucleotide sequence that 
encodes the amino acid sequence for SEFA (said wper strand) . 

Thus polynucleotide sequence encoding SEFA is on the upper strand as 
shown above beginning ATGCTAATAG on III and ending GTATCAAAAC on 
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IV. Further sequences which comprise suitable flanking sequences 
for control of amino acid sequence expression may be produced by 
genetic engineering techniques from this continuous sequence. 

The invention further provides recombinant DNA comprising sequence 
III and IV, in the form of that comprising sequences V and VI: 


Sequence V 

5'- GATCCTTGIT TmrrCTTA AATTITTAAA ATGGCGTGAG TATATTAGCA TCCGCACAGA 
3'- CTAGGAACAA AAAAAAGAAT TTAAAAATTT TACCGCACTC ATATAATCGT AGGCGTGTCT 
10 20 30 40 50 60 


TAAATTGTGC GAATGCTAAT AGTTGATTTT TGQAGATTTT GTAATATGCG TAAATCAGCA 
ATTTAACACG CTTACGATTA TCAACTAAAA ACCTCTAAAA CATTATACGC ATTTAGTCGrr 
70 80 90 100 110 120 


TCTGCAGTAG CAGTTCITGC TTTAATTGCA TGrGGCAGrTG CCCACGCAGC TGGCTrTGTT 
AGACGTCATC GTCAAGAACG AAATTAACGT ACACCGTCAC GGGrTGCGTCG ACCGAAACAA 
130 1^*0 150 160 170 180 


GGTAACAAAG CAGAGGTTCA GGCAGCGGTT ACTATTGCAG CTCAQAATAC AACATCAGCC 
CCATTGnrC GTCTCCAAGT CCGTCGCCAA TQATAACGrrC GAGTCTTATG TTGrAGTCGG 
190 200 210 220 230 240 


AACTGGAGTC AGGAT -3* 
TTGACCTCAG TCCTA -5' 
250 
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5'- CCTGG CITTACAGGG CCTGCTGTTG CTC5CTGGTCA GAAAfflTGGT 
3'- GGACC GAAATGTCCC GGACGACAAC GACGACCAGT CTTTCAAOCA 
260 270 280 290 300 

ACTCrCAGCA TTACTGCTAC TGGTCCACAT AACTCAGTAT CTATTOCACXS TAAAGGGGCT 
TGAGAGTCGT AATGACGATG ACCACSGTGTA TTCAGTCATA GATAACGTCC ATITCCCCGA 
320 330 3i»o 350 360 

TCGGTATCTQ OrrGGrOTAQC CACTOTCCCG TTCOITaATG GACAAGGACA GCCTGTITTC 
AGCCATAGAC CACCACATCG GrTQACAGGGC AAGCAACTAC CTGTTCCTGT CGGACAAAAG 
370 380 390 ifOO 410 420 

CGTGGGCGTA TICAGGaAGC CAATATTAAT GACCAAGCAA ATACTGGAAT TCACGGGCTT 
GCACCCGCAT AAGTCCCTCG GTTATAATTA CTGGTTCGIT TATGACCTTA ACTCCCCGAA 
'*30 440 450 460 470 480 

GCAGGTTGGC GAGXTGCCAG CTCTCAAGAA ACGCTAAATC TCCCTGTCAC AACCTTIGGT 
CGIOCAACCG CTCAACGGTC QAOAOITCTr TQCGATTTAC AGQGACAGTG TTGQAAACCA 
500 510 520 530 540 

AAATCGACCC TGCCAGCAGG TACTTTCACT GCGACCTTCT AOGITCAGGA GTATCAAAAC 
TTTAGCTGGG ACGGTCGTCC ATGAAAGTGA CGCTGGAAGA TGCAAGTXXJT CATAGTTTTa 
560 570 580 590 600 

TAATTTAATT TAAACTTTAT AAATGCCCTC AATATGAGCG AGTTTGGATA ATTTTATTAT 
ATTAAATrAA ATTTGAAATA TTTACGGGAG TTATACTCGC TCAAACCTAT TAAAATAATA 
620 630 640 650 660 
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TTTAAAAATA TCTATTTTGA ATAGATAGGT TTTATGCTTC CATGCAAAAA CTTAAAGAGG 
AAATTTTTAT AGATAAAACT TATCTATCCA AAATACGAAG GTACGTnTT GAATTICTCC 
670 680 690 700 710 720 


GATTATOTAT ATTTTGAATA AATTTATACG TAGAACTGTT ATCTITTTCC TlTITITiG C 
CTAATACATA TAAAACTTAT TTAAATATGC ATCTTGACAA TAGAAAAAGG AAAAAAAACG 
730 7*0 750 760 770 780 


TACCTTCCAA TTGCTTCrTC GGAAAGTAAA AAAATTGAGC AACCATTATT AACACAAAAA 
ATGGAAGGTT AACGAAGAAG CCTTTCATTT TTITAACTCG TTGGTAATAA TTGTGTTTTT 
790 800 810 820 830 8^0 


TATTATGGCC TAAGATTGGG CACTACACGT GTTATTTATA AAGAAGATGC TCCATCAACA 
ATAATACCGQ ATTCTAACCC GTGATGTGCA CAATAAATAT TTCTTCTACG AGGTAGTTGT 
850 860 870 880 890 900 


AGmTTGGA TTATGAATGA AAAAGAATAT CCAATCCTTG TTCAAACTCA AGTATATAAT 
TCAAAAACCT AATACTTACT TTTTCTTATA GGITAGGAAC AAGTTTGAGr TCATATATTA 
910 920 930 9^0 950 960 


GATGATAAAT CATCAAAAGC TCCATTTATT GTAACACCAC CTATTTTGAA AGTTGAAAGT 
CTACTATTTA GTAGmTCG AQGTAAATAA CATICrGaTG GATAAAACTT TCAACTTTCA 
970 980 990 1000 1010 1020 


AATQCGCGAA CAAQATTGAA GGTAATACCA ACAAGTAATC TATTCAATAA AAATGAGGAQ 
TTACQGGCTT GTTCTAACTT CCATTATGCrr TGITCATTAG ATAAGTTATT TTTACTCCTC 
1030 10^0 1050 1060 1070 1080 
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TCTTTGTATT GGTTGTGTGT AAAAGGAGTC CCACCACTAA ATGATAATGA AAGCAATAAT 
AGAAACATAA CCAACACACA TITrCCTCAG GGTGGTGATT TACTATTACT TTCGITATTA 
1090 1100 1110 1120 1130 1140 


AAAAACAACA TAACTACGAA TCTTAATGTG AATGTGGrTTA CGAATAQTTG TATTAAATTA 
nnTGTTGT ATTGATGCTT AGAATTACAC TTACACCAAT GCTTATCAAC ATAATTTAAT 
1150 1160 1170 1180 1190 1200 


ATTTATAGGC CTAAAACTAT AGACTTAACG ACAATGGAGA TTGCAGATAA ATTAAACTTA 
TAAATATCCG GATTTTGATA TCTGAATTGC TGTTACCTCT AACGTCTATT TAATTTCAAT 
1210 1220 1230 12i»0 1250 1260 


GAGAGAAAAG GAAATAGTAT AGTTATAAAG AATCCAACAT CATCATATGT GAATATTGCA 
CTCTCTTTTC CTTTATCATA TCAATATTTC TTAGGTTGTA GTAQTATACA CTTATAACGT 
1270 1280 1290 1300 1310 1320 


AATATTAAAT CTGGTAATTT AAGmTAAT ATTCCAAATG GATATATTGA GCCATTTGGA 
TTATAATTTA GACCATTAAA rrCAAAATTA TAAGGTITAC CTATATAACT CGGTAAACCT 
1330 1340 1350 1360 1370 1380 


TATGCTCAAT TACCTGGTGG AGTACATAGT AAAATAACTT TGACTATTTT GQATGATAAC 
ATACQAGTTA ATGQACCACC TCATGTATCA TriTATTQAA ACTGATAAAA CCTACTATTG 

1390 I'wo ikio 1420 1430 lUkO 


GGCCCTGAAA TTATAAGAQA ATTATTAGIT TAAGGPTOTAA AACAAATGAA QAAAACCACA 
CXJGCGACTTT AATATTCTCT TAATAATCAA ATTCCACATT TTGriTACTT CTrrTGGTGT 
II50 1460 1470 1480 1490 1500 
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ATTACTCTAT rrUTTTTAAC CAGTGTATTr CACTCTGGAA ATGTTTTCTC CAGACAATAT 
TAATGAGATA AACAAAATTG GTCACATAAA GTGAGACCTT TACAAAAGAG GTCTGrTTATA 
1510 1520 1530 15^0 1550 1560 


AATTTCGACT ATGGAAGTTT GAGTCTTCTC CCGGTGAGAA TGCATCTTIT CTAAGTGITG 
TTAAAGCTGA TACCTTCAAA CTCAGAAGAG GGCCACTCTT ACGTAGAAAA GATTCACAAC 
1570 1580 1590 1600 1610 1620 

AAACGCTTCC CTGGTAATTA TGTTGTTGAT GTATATTTQA ATAATCAGTT AAAAGAAACT 
TTTGCGAAGG GACCATTAAT ACAACAACTA CATATAAACT TATTAGTCAA TTTTCTTTGA 
1630 1640 1650 1660 1670 1680 


ACTGAGTTGT ATTTCAAATC AATGACTCAG ACTCTAGAAC CATGCTTAAC AAAAGAAAAA 
TGACTCAACA TAAAGmTAG TTACTGAGTC TGAGATCTTG GTACGAATTG TTlTCTnTr 
1690 1700 1710 1720 1730 17^0 


CTTATAAAGT ATGGGATCGC CATCCAGGAG CTTCATGGGT TGCAGTITGA TAATGAACAA 
GAATATTTCA TACCCTAGCG GTAGGTCCTC GAAGTACCCA ACGTCAAACT ATTACITGTT 
1750 1760 1770 1780 1790 1800 


TGCGTTCTCT TAGAGCATTC TCCTCTTTAA ATATACTTAT AACGCGGCTA ACCAAAGrTTT 
ACGCAAGAGA ATCTCGTAAG AGGAGAAATT TATATGAATA TTGCGCCGAT TGOnTTCAAA 
1810 1820 1830 1840 1850 1860 


GCTTTTAAAT GCACCATCTA AAATTCTATC TCCAATAGAC AGTOAAATTG CTGATGAAAA 
CQAAAATTTA CGTGGTAGAT TTTAAGATAG AGGTTATCTG TCACTTTAAC GACTACTTTT 
1870 1880 1890 1900 1910 1920 
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TATCTGC3C5AT GATGGCATTA ACGCTTITCT TTTAAAITAC AGAGCTTAAT TATTraCAIT 
ATAGACCCTA CTACCGTAAT TGCGAAAAGA AAATTTAATG TCTCGAATTA ATAAACGTAA 
1930 1940 1950 I960 1970 1980 

CTAAGGITGG AGGAGAGAGA TTCATACTTT GGTCAAArTC AACCTraOIT TTAATITrGG 
GATTCCAACC TCCTCTCTCT AAGTATGAAA CCAGTITAAG TRXSAACCAA AATTAAAACC 
1990 2000 2010 2020 2030 20f0 

TCCCTGGCGG CTAAGGAATC TATCATCITG GdAAAACTTC TCAAGCGAAA AAAAATTTGA 
AGGGACCGCC GATTCCTTAG ATAGTAGAAC AGTTTTGAAC AGrTCGCTIT TmTAAACT 
2050 2060 2070 2080 2090 2100 

ATCAGCATAT ATITATGCTG AGCGAGGm AAAAAAAATA AAGAGCAAAC TAACAGTTGG 
TAGTCGTATA TAAATACGAC TCGCTTCGAAA ITmriT AT TTCTCGITrO ATTGTCAACC 
2110 2120 2130 2140 2150 2160 

GGACAAATAT ACCACTGCAG ATITATrCGA TAGCGTACCA TTTAGAGGCT TITCTTTAAA 
CCTGriTATA TGGTCACGTC TAAATAAGCT ATCGCATGGT AAATCTCCGA AAAGAAATTT 
2170 2180 2190 2200 2210 2220 

TAAAGATGAA AGTATQATAC CTTTCTCACA GAGAACATAT TATCCAACAA TACGTGGTAT 
ATrrCTACTT TCATACTATG GAAAGAGTGT CTCTTCTATA ATAGGnxSIT ATGCACCATA 
2230 2240 2250 2260 2270 2280 

TGCQAAAACC AATGCGACTG TAQAAOTAAa ACAAAATGQA TACTTQATAT ATTCTACTTC 
ACGCmTGQ TTACGCTGAC ATCTTCATTC TGPmTACCT ATOAACTATA TAAGATOAAG 
2290 2300 2310 2320 2330 2340 


AGTCCCCCCC GGGCAATTCG AGATAGGTAG AGAACAAATT GCTGATC 
TCAGGGGGGG CCCGTTAAGC TCTA^CCCATX; TCTTGrnTAA CGACTAG 
2350 2360 2370 2380 


-3" 
-5' 
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or sequences degeneratlvely equivalent thereto. 

For the purposes of expressing SEFA polypeptide or epitopic parts 
thereof the paired sequences I and II; III and IV: or V and VI run 
contiguously with each other without intervening base pairs between 
the two, in each case. These contiguous sequences are designated 
sequence VII, VIII and IX respectively, 

For the purpose of expressing SEFA it will be realised by the skilled 
man that all the sequences above may comprise degenerate codons 
instead of those listed above. It is not envisaged that such use will 
necessarily provide any advantage as preparation would be probably be 
more lengthy, but some transformed microorganisms may express SEFA 
more readily with certain codons in degenerate form suited to them. 

The present invention provides novel recombinant plasmids, comprising 
the recombinant DNA comprising either paired sequences selected from I 
and II, III and IV, or V and VI or the contiguous sequences VII, VIII 
and IX, the degenerative or allelic equivalents of any of these; said 
plasmids being capable of expressing polypeptides characteristic of 
SEFA when used to transform suitable microorganisms. 

These recombinant plasmids may then be used to transform a host, such 
as E CQli or yeast, whereby use of cloning and selection methods 
provides clones which contain the particular sequence or suitably 
flanked antigen encoding portion having expression enabling sequences 
with it. Convenient tools for the selection of these clones are the 
aforementioned sequences themselves as modified in known ways to 
provide probes, ie. by radiolabelllng. Such probe sequences are 
readily provided by use of the polymerase chain reaction on native 
SEFA sequence template or by DNA synthesizer techniques; 
radiolabelllng being achieved using standard techiques to tag on 3=?. 
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Preferred microorganisms for transformation are E. coli and yeasts; a 
particularly preferred microorganism being E> coli DH5alpha. Thus 
preferred plasmids will be those known to the man skilled in the art 
as suitable for transforming such organisms • Particularly preferred 
plasmids are accordingly pBR322. pACYClS^f and. most preferred, pUCl8. 

The polynucleotides sequences above may be combined with any of these 
known plasmids for the purposes of providing the novel plasmids of the 
invention. Particularly preferred will be plasmids into which 
polynucleotides consisting of the contiguous sequences VIII or IX 
have been inserted as these will be readily provided from cultured 
enteritidiff or — duhlin by use of restriction endonucleases and 
encode for the entire SEFA amino acid sequence. In this respect use 
of antibodies targeted for SEFA allows facile recognition of 
transformed organisms which is particularly useful for selecting 
expressing organisms from a backgrotind population- Such antibodies 

are the subject of copending MAFF patent application (PCT GB 91 , 

our reference PO958) of inventor C J Thorns). (See Tables I and II), 

For example, the contiguous sequence IX may be blun trended using 
Klenow polymerase infilling and then ligated into a plasmid such as 
pUCl8. Alternatively total genomic DNA is extracted from 
enteritidifi or. a strain of S. dnhiin possessing said fimbrial 
antigen, as determined using the monoclonal antibodies and techniques 
disclosed in the £?)plicants copending application referred to above, 
and then partially digested with SauIIIA restriction endonuclease 
to leave large fragments, some of which contain the sequences referred 
to above, which are then ligated into the plasmid vectors above. 

The vectors of the present invention have further utility in so far as 
the contiguous sequences VII. VIII and IX all comprise a single 
BamHl restriction endonuclease recognition site into which foreign 
peptide encoding DNA may be ligated by which it is sited within the 
reading frame of the transformant transcription system. This site is 
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at the junction between the two sequences that make up the contiguous 
sequence; that occuring between base pair 235 and 236 in the 
numbering system applied at the bottom of each 10 base pairs above. 
Thus the present invention provides plasmids and transformants 
comprising the sequences I and II, or III and IV, or V and VI, or 
their degenerative or allelic equivalents, which have been augmented 
with further sequences. The invention provides a method for preparing 
these plasmid and transformants which inserts the further sequences 
into plasmids comprising the contiguous sequences VII, VIII or IX the 
at that BamHl site. 

Such augmented transformants are potentially capable of expression of 
mixed epitopic polypeptides comprising epitopes of SEFA together with 
further 'foreign* peptides. This opens the way to recombinantly 
produced peptides that are not easily expressed by other means. The 
fact that SEFA is a polypeptide that is passed to the exterior of the 
Salmonella cell of advantage in the recovery of such expressed 
polypeptides. The 'foreign* peptides may be further SEFA epitopes. 

Thus the invention also provides micro-organisms, eg E.coli or yeasts, 
which have been transformed by insertion of one or more of the 
aforementioned sequences eg, by use of said plasmids. 

Use of the micro-organisms provided by the invention gives a method of 
expression of the antigenic amino acid sequence SEFA referred to above 
and epitopic parts thereof which might be used as antigenic activity, 
that is having the ability to evoke production of antibodies in animal 
bodies • 

In addition to use of the transformant expressed SEFA or epitopic 
p£irts thereof for immunological test purposes and kits for such, the 
recognition of the significance of the DNA sequences defined above 
provides methods of determination of DNA or RNA as being derived from 
the S. enteritidis or S. dublin serotypes in other, DNA/RNA based, 
tests. 
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TABLE I 

264 Salmonella strains examined with monoclonal antibody MAB69/25 


Serogroup Serotype 
(No, strains tested) 


Serogroup Serotype 
(No. strains tested) 


^ S. agama (1) 

S. agona (1) 
S, bredeney (1) 
S. derby (1) 
S, heldelberg (1) 
S. indiana (1) 
S. reading (1) 
S, schwarzengrund (1) 
S. Stanley (1) 
S. typhimurium (64) 
CI S. bareilly (1) 
S. infantis (I) 
S. mie (1) 
S* livingstone (1) 
S, mbandaka (1) 
S. montevideo (1) 
S, Ohio (1) 
S. oranienburg (1) 
S, Oslo (1) 
S. thompson (1} 
S. virchow (1) 
C2 S. goldcoast (1) 
S. hadar (1) 
S, newport (1) 
C3 S. albany (1) 

S. kentucky (2) 
S. tado (1) 
Dl S. berta (1) 

S. canastel (1) 
S. dublin (36) 
S. durban (1) 
S. enteritidis (58) 


Dl 

S. 

gallinarium (44) 


S. 

moscow (1) 


S. 

ouakam (1) 


S. 

Panama (1) 


S. 

pullorum (3) 


S. 

wangata (1) 

El 

S. 

anatum (1) 


s. 

give (1) 


S. 

lexington (1) 


S. 

london (1) 


s. 

meleagridis (1) 


s. 

nchanga (1) 


s. 

orion (1) 

E2 

s. 

binza (1) 


s. 

drypool (1) 


s. 

manila (1) 

Eh 

s. 

newington (1) 

s. 

taksony (1) 


s. 

senftenberg (1) 

F 

s. 

aberdeen (1) 

Gl 

s. 

havana (1) 


s. 

worthington (1) 

G2 

s. 

ajiobo (1) 


s. 

kedougou (1) 

K 

s. 

cerro (1) 

N 

s. 

urbana (1) 

0 

s. 

adelaide (1) 


S- 

Baling (1) 

R 

s. 

Johannesburg (1) 

S 

s. 

of fa (1) 

T 

s. 

gera (1) 
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TABLE 

II 



Direct binding of MAB 69/25 to Salmonella strains 

Serotype 

Number 
Examined 

Monoclonal antibody 
MAB 69/25 Xbound 

S. enteritidis 

PT 1 

2 

56- 


S. enteritidis 

PT 4 

22 

57 

(14-100) 

S, enteritidis 

PT ^ 
plasmid minus 

6 

57 

(49-65) 

S. enteritidis 

PT 5 

1 

83 


S. enteritidis 

PT 6 

1 

57 


S. enteritidis 

PT 7 

1 

89 

(85-93) 

S. enteritidis 

PT 8 

12 

53 

(15-90) 

S, enteritidis 

PT 9 


20 

(17-23) 

S. enteritidis 

PT 11 

7 

50 

(23-77) 

S. enteritidis 

PT 30 

1 

15 


S. enteritidis 

untypable 

1 

m 


S, dublin 


12 

25 

(9-40) 

S. dublin 


24 

0 


S . moscow 


1 

9 


Other Salmonella strains'' 

169 

0 



^ Mean percentage of antibody binding relative to binding 
to high control (see text) 

Range of binding 

Serotypes listed in Table I 

PT = Phage type 
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The present invention further provides methods for determining the 
presence of microorganisms having DNA or UNA polynucleotide sequence 
encoding for SEFA or an epitopic part thereof, or such DNA or RNA 
itself, comprising: 

(a) providing a sample suspected of containing said encoding 
polynucleotide sequence; 

(b) determining the presence of said sequence by monitoring 
hybridization of SEFA targeted polynucleotide probes to it. 

Such hybridization technique is carried out by methods that are now 
conventional in the art. using probes which are comprised of 
sequences complementary to a significant part of the target sequence 
and using temperature conditions suitable to achieved a desired 
stringency dependent on the degree of match of the probe to the 
target. 

In a preferred form of this method the invention further provides 
methods for determining the presence of microorganisms having DNA or 
RNA polynucleotide sequence encoding for SEFA or an epitopic part 
thereof, or such DNA or RNA itself, comprising: 

(a) providing a sample suspected of containing said encoding 
polynucleotide sequence: 

(b) subjecting said sample to conditions under which polynucleotide 
sequences comprising sequences (I) and (II) are replicated by use of 
the polymerase chain reaction; 

(c) determining the presence of any sequence produced. 

Conveniently the sequence produced is detected, in both cases, by use 
of a hybridization probe suitably specific thereto which comprises any 
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of the aforementioned sequences, more specifically being one of the 
sequences in a suitably labelled form eg. being labelled in some way 
as will be known to a man skilled in the art. Host conveniently the 
label will incorporate radioactive phophorous (^^P) . A preferred such 
method comprises a PGR step (b) which employs primer pairs comprising 
one primer selected from groups (A) and the other from group(B): 


Group A: 

Al: 5' -GTGCGAATGCTAATAGTTGA- 3' 
A2: 5' -TGCGTAAATCAGCATCTGCA- 3' 
A3: 5* -TCTGCAGTAGCACrrrCTTGC- 3' 
A^: 5' -GCTCAGAATACAACATCAGCCAA- 3' 


Group B: 

Bl: 5' -AAAACAGGCTGTCCTTGTCCA- 3* 
B2: 5* -mGCGTTTCTTGAGAGCTGG- 3' 
B3: 5* -TTrrQATACTGCTGAACGTAG- 3' 


The primers are numbered Al to A^ and Bl to B3 for the purposes of 
identification later in this specification. 

Any of the possible pairs selected in this way will identify the 
characteristic sequences VI > VII or IX sufficiently specifically 
enough for serotype determination purposes, le: for determination of 
a Salmonella as being a SEFA encoding serotype and thus of one of the 
serotypes listed above. 

As will be understood by a man skilled in the art, sequences which 
will specifically hybridize with sequence (VII) will include sequence 
(VII) itself, those having 75X or more, preferably 30% or more 
confomnity to that sequence, and sequences comprising either strand of 
the two complementary sequences of any of these. Thus the step 
(c) of the method of this aspect of the invention may be carried out 
using a variety of hybridization probes that combine sufficiently 
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specifically with the characteristic 'target* sequence comprising 
sequence (VII) . For most purposes the primer sequences selected from 
those of groups (A) and (B) will be sufficiently specific to give 
reliable determination of the characteristic sequence, especially if 
a different * primer' sequence is used for the probe of st^p (c) than 
those used for step (b). 

•me step (b) is carried out using the enzyme Taq polymerase as is now 
conventional in the art. The necessary conditions are those as 
described in EP-A-0201184 or EP-A-0200362 (both Cetus Corpn. ) In such 
reaction, the appropriate primers derived from the sequences act as 
initiators for synthesis of large quantities of DNA identical to, or 
substantially identical to the initial double stranded DNA sequence - 
In this way substantially larger quantities of the DNA sequence may be 
made from the small quantities which may be available by isolation 
from the S. enteritidis or S, dublin thus increasing the amount of 
sequence available to be detected- The mere opresence of increased 
amount of DNA may be used in this case to signify presence of target 
sequence* 

The genetically transformed organisms of the invention and their use 
to produce SEFA and SEFA containing sequences of the invention will 
now be described by way of example only, the examples including iise of 
the detection methods of the invention for confirming presence of 
transf ormants : 

Ricflmple A. Prenarat i nn and clorHnp nf S. fmteritidia fimbrial 

mtlgen gmes. 

Step Al- Total genomic DNA was extracted from a, mterltldlg using 

the method described in J B Goldberg & D E Ohman, (198^) J Bact 15& 
1115-1121. 
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SisB-^ The DNA from step Al was partially digested with SauIIIA 
restriction endonuclease to yield fragments with an size range between 
5 and 10 kb. 2ug of genomic DNA in a Tris-HCl based buffer of pH 7.4 
v«re mixed with 0.25 units of SauIIIA and incubated at 37°C. 

SteoJ^ Cloning vector pUClS was digested to completion with BaoHl, 
giving compatible cohesive ends with SauIIIA. and was dephosphorylated 
with calf intestinal phosphatase. 

s...n Alt, c: .n...,-i-,^dis DNA was ligated with vector pUCl8 using T4 
DNA ligase supplied by Bethesda Research Laboratories Lxfe 
Technologies Inc. (Cat. No. 522i|SB/SC ) . The supplier's 
instructions for use in ligation were followed. 

s^on AR. The recombinant plasmid from step AH was used to transform 
commercially available £^ DHSalpha supplied by Bef esda Labs (see 
above) as Library Efficiency (RTM) DH5alpha Competent Cells (Cat. No. 
8263SA) using the supplier's instructions to produce a genomic 
library. 

c;«...n A6. Transformants were transferred to the surface of HYBGND-C 
filters by replica plating for Western Blotting. Standard Western 
Blotting procedures using the R pntfirltldis fimbrial antigen 
specific monoclonal antibody HAD 69/25. de-lved by standard techniques 
from hybrldoma cells deposited under Accession N0.9OIOIIOI 
October 1990 at the European Collection of Animal Cell Cultures. PHLS 
Centre for Applied Microbiology L Research. Porton Down. Salisbury. 
Wiltshire SP4 OJQ. United Kingdom, as described and claimed xn 
copending application No (PCT GB9I :our ref P0958WOD) . were done 
to identify transformant colonies expressing SEFA and thus containing 
the aforementioned sequences (VI) . (VII) and (IX). 

A7. The recombinant plasmids from fimbrial antigen positive 
transformants were extracted and used in confirmatory tests to prove 
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the insert encoded said fimbrial antigen. 

At the end of stage A? it is possible to probe the DNA 
transformants to show the presence of the sequences ani 
analyse said sequence by known sequencing methods. 


,•r^c.r.^^•nn of Fn TT^ F" ^^""-P ^^^'^ thfi RKFft ptimdlTir ffRquBnce. 

As stated above, the present invention further provides the prospect 
of exploitation of the polynucleotide sequences of the present 
invention having with sequences encoding for desired foreign protein 
or peptide products to produce transformants having ability to secrete 
the desired product. 

SBIO epitope of HYrntl'"-^''"^'"'" secreted antigen. MPB70 (Radford 

et al. (1990). J. (Sen. Micro. 136: 265-272) consists of the amino 
acid sequence as encoded for below: 


Q Q p V encoded amino acid 

5'- CAG GAC CCG GTC -3' coding/master strand 
3*- GTC CTG GGC CAG -5' coii?)limentary strand 

Synthetic oligonucleotides encompassing this sequence and providing 
BamHl cohesive ends were made using an ABI PCR MATE EP model 391 DNA 
synthesizer following the manufacturer's methods, "me 
oligonucleotides were as follows: 

SBlO.l 5'- GAT CAG GAC CCG GTC GOT -3' 
SBIO. 2 3'- TC CTG GGC CAG CGA CTA G -5' 
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The two oligonucleotides. SBlO.l and SB10.2 were allowed to anneal to 
foro a double stranded (duplex) molecule by heating to 95-C and then 
cooling to room temperature over a two hour period. Annealing was 
assessed by comparing rate of migration of the duplex "^^^-^^ 
compared with the rate of migration of the two single oligonucleotxdes 
when run through ^% agarose in TBE buffer. A marginal retardatxon xn 
migration rate was observed and suggested near 100% annealing. 

A lambda EMBL library was prepared from P nteritXdXS strain 1246 
providing a 9 to 23 kllobase library which was probed with the SEFA 
sequence IX (consisting of sequences V and VI run '^^^^^ 
H^ridizing fragments were subcloned into pUCl8 and a suxtable vector 
comprising the SEFA antigen gene flanked by adjacent contiguous 
chromosomal DNA was selected on its ability to transform E^DH5 
alpha to a SEFA expressing form; all general methods as conventional 
to the art (see eg. Maniatis). 

The PUC18 vector so obtained was digested with BamHl and agarose gel 
electrophoresis demonstrated that the DNA was cut once at the unxque 
BamHl site within the SEFA gene. Cut vector and duplex 
oligonucleotide (SBlO.l plus SB10.2) were mixed together (1:10 ratio) 
and ligated using T4 ligase (Life Technologies) using the 
manufacturers methods. Ilxe saturating amounts of duplex 
oligonucleotide increased rate of insertion and the lack of t^inal 
phosphate groups on the duplex prevented multiple insertion. The 
ligated construct was designed to be as follows: 

QDQDPVADP amino acid 

5'. GAG GAT GAG GAG CCG CrC OCT GAT CGT -3* coding/master strand 
3'- GTC CTA GTC CTG GGC GAG CGA CTA GGA -5' complimentary strand 

The ligated construct lacks the GGATCC BamHl recognition sequence. 
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Thus prior to transforming the construct into E.£Qli DH5 alpha, the 
ligated DNA was cut with BanHl to linearise any of the vector which 
lacked insert. The ligated DNA was then used to transform fi^fioli using 
standard procedures. 

Recombinants were picked directly into a Polymerase Chain Reaction 
mixture in which the primers were designed to flank the insertion 
site to yield a product of 219 base pairs without insert or 237 base 
pairs with insert. PGR products were sized by gel lectrophoresis and 
those shown to be 237 base pairs were tested by digestion with BamHl 
to ensure loss of the site. 

A sample (8ul) was taken from the aqueous phase of the PGR reaction 
mixture and made 20ul by addition of HPLC grade water. XIO reaction 
buffer and 5U BamHl. The PGR product was digested for 3 hours at 37''C. 
Control experiments using the 219 base pair product were performed to 
demonstrate digestion. The entire reaction mixtures were loaded onto 
agarose gels and the DNA products resolved; those PGR products shown 
to be 237 base pairs did not cut with BamHl giving evidence for 
insertion of the oligonucleotide duplex. 

To confirm the presence of the insert and determine its orientation. 
PGR experiments were set up in which the primers were SB10.2 and a 
series of primers from primer group A above (see page 18) toward the 
proximal (5') end of the SBFA antigen gene. Of twelve recombinants 
tested, five gave the desired sized product and were, therefore, 
shown to have the insert in the correct orientation. 

To confirm that the insert was encoding the SBIO epitope and was 'in 
frame' with the SEFA antigen sequence, double stranded DNA sequsicing 
using standard protocols was done on the five positive clones 
identified above. The prlmei« used were: 
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5'- TCTGCACTAGCACTTCTTGC -3' for the coding strand and 

5'- AAAACAGGCTGTCCTTGTCCA -3' for the complimentary strand. 

The DNA sequence of both strands across the insert site was 
established and was as predicted above. 

p. eoli recombinants harbouring the constructs, designated SEFA::SB10. 
1 to 5 were tested immunologically for the production of SEFA. 
Western blots of whole E_CQli cells harbouring each of the 

SEFA::SB10 constructs demonstrated the presence of a protein of about 
15kDal (and a less intense protein band of about l8.5 IcDal) when 
using anti-SEFA polyclonal and anti-SEFA monoclonal antibody 69/25- 
In control experiments. F.. GOli recombinants harbouring the vector 
gave protein bands of lt.5kDal and l8kDal in Western blot experiments 
using the same antibodies. 

This data clearly demonstrates that the SEFA polynucleotide sequence 
may be modified to express additional amino acids within its primary 
stricture without the loss of reactivity to one SEFA epitope specific 
antibody. 

The complete sequence of the largest of the sequences of the 
invention, sequence IX. is given below with the sequences I. II. HI. 
IV V VI VII and VIII being indicated together with the probe 
sequences from probe groups A and B. These sequences are marked by 
reference to their 5' and 3' ends: eg. 1-5' , 1-3' etc. The numbering 
given below each 10 base pairs of the sequences I to VI above being 
related to their positions in this sequence IX. 
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Sequence IX 


5.- SATCCTTGrr TmncrrA AATrrrrAAA ATGGCGrroAG tatattagca tccgcacaga 

V- CTAGGAACAA AAAAAAGAAT TTAAAAATTT TACCGCACTC ATATAATCGT AGGCGrrGTCT 
10 20 30 ^ 50 60 

Al-5' III-5' Al-V ^-5' 
TAAATrarGC GaWtAAT AffrrG&TTr TGGAGAirrr CTAATAfccG TAAATCAGCA 
ATTTAACACG CTIACGATTA TCAACIAAAA ACCTCTAAAA CATTATACGC ATTrAGrCGT 
70 80 90 100 ^20 

A3-5' 

TC^iOTAQ CAGrrCTTGC TTTAArA TGrOGCACTG CCCACGCAGC TGGCTrrorT 
AGACOECATC GTCAAQAACG AAATTAACfiT ACACCGTCAC GGCTTGCCrrCQ ACCGAAACAA 
130 140 150 160 170 180 

aH-5' 

GCTAACAAAG CAGAGGTTCA QGCAGCGGri ACTATTGCAfi CTCAGAATAC AACATCAGCC 

ccATTGrrrc GrcrccAAcrr ccgtcgccaa tgataacgki GAcrrcTTATG ttctagtcgg 

190 200 210 220 230 240 

aU-3' 

J I.UI and V -3':ri.IV and VI-5' ...^^ 
AiirQGAOTC AGGAfoxJG CnTTACAGGQ CCTGCTGTTG CTQCTGGrrCA GAAAGrTTCGT 
TKIACCTCAG TCCTASGACC GAAATCTCCC GOACQACAAC GACQACCAGT CTTTCAACCA 
250 \ 260 270 280 290 300 

BamHl site. 

ACTCTCAGCA TTACTrGCTAC TGCTCCACAT AACTCACTAT CTATTGCAGG TAAAGGGGCI 
TGAGAGTCGT AATGACGATC ACCAGGTGTA TTCAGICATA GATAACGICC ATTTCCCCGA 
310 320 330 340 350 360 
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^.r.^ rArrrrccCG TTCCnTGATG C3ACAAGGACA CKCTGITIIC 
370 380 390 j^^^^ 

ccaaacoTA Tn^AOcaAOC caa™ OAoaAACCAA TaAcacccrr 

GCACCCGCAT AAOTCCCTCG OTTATAATrA CTGOrTCGrr TATGACCTTA ACT 
430 '^'*0 ^50 

^-,..r.A4 ArnrrAAATG TCCCTCTTCAC AACCTTTGGT 

=° = — 


1.90 \300 510 [520 530 


iv-3* 


AAATCGACCC TGCCAGCAGG TACTTTCACT GCQACCrrcr ACGTTCAGCA CrTATCAAAAfi 
— C A^On. CG— ^ TGCAACC^ CATAOnm 
550 560 570 5^^^^^ 


====== 

====== 

6yO 6^ 


730 7'»0 
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TACCTTCCAA TTGCTTCTTC GGAAAGTAAA AAAATTGAGC AACCATTATT AACACAAAAA 
ATGGAAGGrrr AACGAAGAAG CCTTTCATTr nTTAACTCG TTGCTAATAA TTGTGTTnT 
790 800 810 820 83O 840 


TATTATGGCC TAAGATTGGG CACTACACGT GTTATITATA AAGAAGATGC TCCATCAACA 
ATAATACCGG ATTCTAACCC GTGATGTGCA CAATAAATAT TTCTTCTACG AGGTAGrrTGT 
850 860 870 880 890 900 


AGTTrrrGGA TTATGAATGA AAAAGAATAT CCAATCCTTG TTCAAACTCA AGTATATAAT 
TCAAAAACCT AATACTTACT TTTTCTTATA GGTTAGGAAC AAGTTTGAGT TCATATATTA 
910 920 930 940 950 960 


GATGATAAAT CATCAAAAGC TCCATTTATT GTAACACCAC CTATTTTGAA AGTTGAAAGT 
CTACTATTTA GTAGTITrCG AGGTAAATAA CATTGfrGGTG GATAAAACTT TCAACTTTCA 
970 980 990 1000 1010 1020 


AATGCGCGAA CAAGATTGAA GGTAATACCA ACAAGTAATC TATTCAATAA AAATGAGGAG 
TTACGCGCTT GTrCTAACTT CCATTATGGT TCTrCATTAG ATAAGTTATT TTTACTCCTC 
1030 1040 1050 1060 1070 1080 


TCTTTGTATT GGTTGTGTGT AAAAGGAGTC CCACCACTAA ATGATAATGA AAGCAATAAT 
AGAAACATAA CCAACACACA TTTTCCTCAG GGTGGTGATT TACTATTACT TTCGrTTATTA 
1090 1100 1110 1120 1130 1140 


AAAAACAACA TAACTACGAA TCTTAATGTG AATGTGGTTA CGAATAGTTG TATTAAATTA 
TrTTTGTTGT ATTQATGCTT AGAATTACAC TTACACCAAT GCTTATCAAC ATAATTTAAT 
1150 1160 1170 1180 1190 1200 
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ATTTATAGGC CTAAAACTAT AGACTTAACG ACAATGGAGA TTGCAGATAA ATTAAAGTTA 
TAAATATCCG GATITTGATA TCTGAATTGC TGTTACCTCT AACGTCTATT TAATTTCAAT 
1210 1220 1220 12U0 1250 1260 

GAGAC5AAAAG GAAATAOTAT AOTTATAAAG AATCCAACAT CATCATATCT GAATATTCCA 
CTCTCTTTTC CTTTATCATA TCAATATTTC rTAGOrTCrrA GTAGTATACA CTTATAACGT 
1270 1280 1290 1300 1310 1320 

AATAITAAAT CTCCTAATTr AAGTrTTAAT ATTCCAAATG GATATATTGA GCCATTrOGA 
TTATAATITA GACCATTAAA TTCAAAATTA TAAGOmAC CTATATAACT CGQTAAACCT 

1330 13U0 1350 1360 1370 1380 

TATGCTCAAT TACCTGGTGG AOTACATAGT AAAATAACTT TGACTATTIT GGATGATAAC 
ATACGAGTTA ATGGACCACC TCATOTATCA TTITATrGAA ACTGATAAAA CCTACTATTG 
1390 lUOO IHIO 11*20 mo l'*'»0 

GGCGCTCAAA TTATAAGAGA ATTATTAGTr TAAGGrTCTAA AACAAATGAA GAAAA-CACA 
CCGCGACnr AATATTCTCT TAATAATCAA ATTCCACATT TTGnTACTT cTiTrccmsT 
mo l'»70 l'*80 1490 1500 

ATTACTCTAT TTGTrrTAAC CACrrGTATTT CACTCTGGAA ATGTTnCTC CAQACAATAT 
TAATGAGATA AACAAAATTG CnCACATAAA GTOAGACCTT TACAAAAGAG GrrCTGrTATA 
1510 1520 1530 15'>0 1550 1560 

AATTTCGACT AIGGAAOTTT GAGrTCTPCTC CCGOraAQAA TGCATCTnT CTAAGTCTTG 
TTAAAGCTGA TACCTTCAAA CTCAGAAGAG GGCCACTCTT ACCTAGAAAA GATTCACAAC 
1570 1580 1590 1600 1610 1620 
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AAACGCTTCC CTGGTAATTA TCTTGrTTGAT GTATATTTGA ATAATCAGTT AAAAGAAACT 
TTTGCGAAGG GACCATTAAT ACAACAACTA CATATAAACT TATTAGTCAA TTTTCTTTGA 
1630 16U0 1650 1660 1670 168O 


ACTCJAcrrer atttcaaatc aatgactcag actctagaac catgcttaac aaaaqaaaaa 

TGACTCAACA TAAAGTrTAG TTACTGAGTC TCSAGATCTTG GTACGAATTG rrTTCTTTrr 
1690 1700 1710 1720 1730 iTiO 


CTTATAAAGT ATGGGATCGC CATCCAGGAG CTTCATGGGT TGCAGTrTGA TAATGAACAA 
QAATATTTCA TACCCTAGCG GTAGGTCCTC GAAGTACCCA ACGTCAAACT ATTACTTGrr 
1750 1760 1770 I78O 1790 1800 


TGCXJITCrCr tagagcattc tcctctttaa atatacttat aacgcggcta accaaagttt 

ACGCAAGAGA ATCTCGTAAG AGGAGAAATT TATATGAATA TTGCGCCGAT TCGTrrCAAA 
1810 1820 1830 18«J0 1850 i860 


GCTTTTAAAT GCACCATCTA AAATTCTATC TCCAATAGAC ACTGAAATTG CTGATGAAAA 
CGAAAATTTA CGriGGTAGAT TTTAAGATAG ACGTTATCTG TCACTTTAAC GACTACTTTT 
1870 1880 1890 1900 1910 1920 


TATCTOGGAT GATCQCATTA ACGCTTTTCT TTrAAATTAC AGAGCTTAAT TATTTGCATT 
ATAGACCCTA CTACCGTAAT TGCGAAAAGA AAATTTAATG TCTCGAATTA ATAAACGTAA 
1930 1940 1950 i960 1970 1980 


CTAAGGTIGG AGGAGAGAGA TTCATACTTT GGTCAAATTC AACCITGGrr TTAATTTrGQ 
GATTCCAACC TCCTCTCTCT AACTATGAAA CCAGTrTAAG TTGGAACCAA AATTAAAACC 
IQQO 2000 2010 2020 2030 2040 
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TCCCTGGCCG CTAAGGAATC TATCATCTTG GCAAAACTTG TCAAGCGAM AAAAATTTGA 
AGGGACCGCC GATrCCTTAG ATAOTAGAAC ACrmTGAAC ACmCGCTrr mTTAAACT 
2050 2060 2070 2080 2090 2100 

ATCAGCATAT ATTTATGCTG AGCGAGGITr AAAAAAAATA AAGAGCAAAC TAACAGTTCG 

^^gSS JIIItacgac TCCCT.CAAA rmTrrTAT TTorccrrTTo ATrorcAACc 

2110 2120 2130 21A0 2150 2l60 

ggacaaatat ACCAOHK^AG ATTTATTCGA TAGCCTTACCA mAGAGGCr TTTCrrrAAA 
CCTCTTTATA TGCTTCACGTC TAAATAAGCT ATCGCATGGT AAATCTCCGA AAAGAAATTT 
2170 2180 2190 2200 2210 2220 


TAAAGATGAA AGTATGATAC CTITCTCACA GAGAACATAT TATCCAACAA TACGTGGTAT 
ATITCTACrr TCATACTATG GAAAGAGTGr CTCTTCTATA ATAGGrTGIT ATGCACCATA 
2230 22U0 2250 2260 2270 2280 


TGCGAAAACC AATGCGACTO TAGAAGTAAG ACAAAATGGA TACTTGATAT ATTCTACTTC 
IScrmXlG TTACGCTGAC ATrTTCATTC -KnTrrACCT ATQAACTATA TAAGATGAAG 
2290 2300 2310 2320 2330 23^0 

vi-3' 

ACrCCCCCCC GGGCAATTCG AGATAGCTAG AGAACAAATT GCTGAtS -3* 
TCAGGGGGGG CCCGTTAAGC TCTATCCATC TCTrGTTTAA CGACTAfi -5' 
2350 2360 2370 2380 
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CLAIMS 

1. Recombinant DNA encoding for the Salmonella enteritidis fimbrial 
antigen amino acid sequence: 

MLIVDFWRFCNMRKSASAVAVLALIACGSAHAAGF 
VGNKAEVQAAVTIAAQNTTSANWSQDPGFTGPAVA 
AGQKVGTLSITATGPHNSVSIAGKGASVSGGVATV 
FFVDGQGQPVFRGRIQGANINDQANTGIDGLAGWR 
VASSQETLNVPVTTFGKSTLPAGTFTATFYVQQYQ 

N 

for an epi topic part thereof or for alleles of either. 

2. Recombinant DNA as claimed in Claim 1 comprising the sequences I 
and II: 

Sequence I 

5'- G CTCAGAATAC AACATCAGCC AACTGGAGTC AGGAT -3' 
3'- C GAGTCTTATG TTGrrAGTCGG TTGACCTCAG TCCTA -5* 
230 240 250 


Sequence II 

5'- CCTGG CTITACAGGO CCTGCTGTrG CTGCTaGTCA GAAAGTTGGT 
3'- GGACC GAAATGTCCC GGACGACAAC GACQACCAOT CTTTCAACCA 
260 270 280 290 300 


ACTCTCAGCA TTACTGCTAC TGGTCCACAT AACTCAGTAT CTATTGCAGG TAAAGGGGCT 
TGAGAGTCCT AATGACGATG ACCAGGTOTA TTGAGTCATA GATAACCrTCC ATTTCCCCGA 
310 320 330 3'tO 350 360 
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TCCGTATCTG GICGTGTAGC CACTC?rcCCG TTCGrTGATG GACAAGGACA GCCTCmTr -3^ 
AGCCATAGAC CACCACATCG GTGACAGOGC AAGCAACTAC CTCrrrCCTGT CGGACAAAA -5 
370 380 390 '♦00 'no 

sequences degenerately equivalent thereto, or sequences encoding 
for allelic variants of the part of SEFA for which the sequences I 
and II encode. 


3. Recombinant DNA as claimed in Claim 1 or 2 wherein the 
sequence comprising sequences I and II comprises sequences III and 
IV: 

Sequence III 


5'- ATOCTAAT ACTTGATrrr TGGAGATITT CTTAATATGCG TAAATCAGCA 
3'- TACGATTA TCAACTAAAA ACCTCTAAAA CATTATACXSC ATITAGTCGT 
80 90 100 110 120 

TCTGCACTAG CACTTCrTCC TTTAATTGCA TGrCGCACTTG CCCACGCAGC TGGCTITGTT 
AGACXnCATC GTCAAGAACG AAATTAACGT ACACCCTCAC GGGTGCGTCG ACCGAAACAA 
130 140 150 160 170 180 

GGTAACAAAG CAGAGGTTCA GGCAGCGGTT ACTATTGCAG CTCAGAATAG AACATCAGCC 
CCATTGrrrC CTCTCCAAGT CCGTCGCCAA TGATAACGTC GAGTCTTATC nXTTACTCGG 
190 200 210 220 230 240 


AACTGGAGTC AGGAT -3' 
TTGACCTCAG TCCTA -5' 
250 
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Sequence IV 

5'- CCTGG CTTTACAGGG CCTGCTGTTG CTGCTGGTCA GAAAGnTGCrT 
3'- GGACC GAAATGTCCC GGACGACAAC C5ACGACCAGT CTTTCAACCA 
260 270 280 290 300 


ACTCTCAGCA TTACTGCTAC TGGTCCACAT AACTCAGTAT CTATTGCAGG TAAAGGGGCT 
TGAGAffTCCrr AATGACGATG ACCAGGTGrTA TTOAGrCATA GATAACGTrCC ATTTCCCCQA 
310 320 330 340 350 360 


TCGGTATCTG GrGCrrGTAGC CACTGTCCCG TTCGTTGATG GACAAGGACA GCCTCmTC 
AGCCATAGAC CACCACATCG GrTGACAGGGC AAGCAACTAC CTCrrCCTGT CGGACAAAAG 

370 380 390 400 4lO 420 


CGTGGGCGTA TTCAGGGAGC CAATATTAAT GACCAAGCAA ATACTGGAAT TGACGGGCTT 
GCACCCGCAT AAGTCCCTCG GTTATAAm CTGGTrCOrr TATQACCTTA ACTGCCCGAA 
430 HHO U50 460 470 480 


GCAGGTTGGC GACnXSCCAG CTCTCAAGAA ACGCTAAATG TCCCTCrrCAC AACCTrTGGT 
CGTCCAACCG CTCAACGGTC GAGAGITCTT TGCGATTTAC AGGGACAGTG TTGGAAACCA 
490 500 510 520 530 540 


AAATCQACCC TGCCAGCAGG TACTTTCACT GC6ACCTTCT ACGTICAGCA GTAT CAAAAC -3' 
TTTAGCrrGGG ACGQTCGTCC ATGAAAGTGA CGCTGGAAGA TGCAAGTCGT CATAGTriTG -5' 
550 560 570 580 590 600 


sequences degenerately equivalent thereto or sequences which 
encode for allelic variants of SEFA- 


s 
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4. Recombinant DNA as claimed in any one of the preceding claims 
wherein suitable flanking sequences for control of amino acid sequence 
expression are provided. 

5. Recombinant DNA as claimed in aixy one of the preceding claims 
wherein the sequences I and II are provided in sequences comprising 
sequences V and VI respectively: 

Sequence V 

5*- GATCCTTGIT TITrrTCTTA AATTTTTAAA ATGSGCGTGAG TATATTAGCA TCCGCACAGA 
3'- CTAGGAACAA AAAAAAGAAT TTAAAAATTT TACCGCACTC ATATAATCGT AGGCGTGTCT 
10 20 30 40 50 60 


TAAATTGTGC GAATGCTAAT AGTTGATrTT TGGAGATTTT GTAATATGCG TAAATCAGCA 
ATTTAACACG CTTACGATTA TCAACTAAAA ACCTCTAAAA CATTATACGC ATTTAGTCGT 
70 80 90 100 110 120 


TCTGCAGTAG CAGTTCTTGC TTTAATTGCA TGTGGCAGTG CCCACGCAGC TGGCTTTGTT 
AGACGTCATC GTCAAGAACXJ AAATTAACGT ACACCGTCAC GGGTGCCrrCG ACCGAAACAA 
130 140 150 160 170 180 


OOTAACAAAG CAQAGGTTGA GGCAGCGGTT ACTATTGCAG CTCAGAATAG AACATCAGCC 

ccArrcriTTC crrcTCCAAGrr ccgtcgccaa TGATAAccrrc gagtcttatg ttgtagtcgg 

190 200 210 220 230 240 


AACTGGACrrC aggat -3' 
ttgacctcag TCCTA -5' 
250 
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Sequence VI 

5'- CCTGG CTITACAGGG CCTGCTGTTG CTGCTGGTCA GAAAGrTTGGT 
3'- GGACC GAAATOrCCC GGACGACAAC GACGACCAC3T CTTTCAACCA 
260 270 280 290 300 

ACTCTCAGCA TTACTGCTAC TGGTCCACAT AACTCAGTAT CTATTGCAGG TAAAGGGGCT 
TGAGAGTCGT AATGACGATG ACCAGGTGTA TTGAGTCATA GATAACGTCC ATTTCCCCGA 

310 320 330 340 350 360 


TCGGTATCTG GTGGTCTAGC CACTGTCCCG TTCGTTGATG GAGAAGGACA GCCTGTTTTC 
AGCCATAGAC CACCACATCG GTGACAGGGC AAGCAACTAC CTGTTCCTGT CGGACAAAAG 
370 380 390 'JOO tlO 420 


CGTGGGCGTA TTCAGGGAGC CAATATTAAT GACCAAGCAA ATACTGGAAT TGACGGGCTT 
GCACCCGCAT AAGTCCCTCG GTTATAATTA CTGGTTCGTT TATGACCTTA ACTGCCCGAA 
430 440 450 460 470 480 


GCAGGTrGGC GAGTKKXAG CTCTCAAGAA ACGCTAAATG TCCCTQTCAC AACCTTrGGT 
CGTCCAACCG CTCAACGGrTC GAGAGTTCnT TGCGATTTAC AGGGACAGTG TTGGAAACCA 
490 500 510 520 530 540 


AAATCGACCC TGCCAGCAGG TACTTTCACT GCGACCTTCT ACGTTCAGCA GTATCAAAAC 
TTTAGCTGGG ACGGTCGTCC ATGAAAGTGA CWrTGGAAGA TGCAAGTCGT CATAuiiiiG 
550 560 570 580 590 600 


TAATTTAATT TAAACTTTAT AAATGCCCTC AATATGAGCG AGlTrGQATA ATTTTATTAT 
ATTAAATTAA ATTTGAAATA TTTACQaOAG TTATACTCGC TCAAACCTAT TAAAATAATA 
610 620 630 640 650 660 
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TTTAAAAATA TCTATTTraA ATAGATAGGTT TTTATGCTrC CATGCAAAAA CTTAAAGAGG 
AAATTTITAT AGATAAAACT TATCTATX:CA AAATACGAAG GTACGTTTTT GAATITCTCC 
670 680 690 700 710 720 


GATTATCrrAT ATTrTGAATA AATTTATACC TAGAACTGTT ATCTTTTTCC TTTTTTITGC 
CTAATACATA TAAAACTTAT TTAAATATGC ATCTTGACAA TAGAAAAAGG AAAAAAAACG 
730 7'»0 750 760 770 780 


TACCTTCCAA TTGCTTCTTC GGAAAGTAAA AAAATTGAGC AACCATTATT AACACAAAAA 
ATGGAAGGTT AACGAAGAAQ CCTTTCATTT mTAACTCG TrGGTAATAA TrGTCmTT 
790 800 810 820 830 840 


TATTATGQCC TAAGATTGGG CACTACACGT GTTATTTATA AAGAAGATGC TCCATCAACA 
ATAATACCGG ATTCTAACCC GTGATGTGCA CAATAAATAT TTCTTCTACG AGGTAGTTGT 
850 860 870 880 890 900 


ACmTTCGA TTATGAATGA AAAAGAATAT CCAATCCTTG TTCAAACTCA ACTATATAAT 
TCAAAAACCT AATACTTACT TTTTCTTATA GCTTAGGAAC AAGTITQAGT TCATATATTA 
giO 920 930 9'»0 950 960 


GATGATAAAT CATCAAAAQC TCCATTTATT GTAACACCAC CTATTrTGAA ACrrrCAAAGT 
CTACTATTTA GTAGnTTCG AGGTAAATAA CATTGrrGGTG GATAAAACTT TCAACTTTCA 
970 980 990 1000 1010 1020 


AATGCGCGAA CAAGATTGAA GGTAATACCA ACAACTAATC TATTCAATAA AAATGAGGAG 
TTACGCGCTT GrTCTAACTT CCATTATGGT TCITCATTAG ATAAGTrATT TITACTCCTC 
1030 1040 1050 1060 1070 1080 
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TCrrrGTATT GOTTCrrGTGT AAAACK3AGTC CCACCACTAA ATGATAATGA AAGCAATAAT 
AGAAACATAA CCAACACACA TTTTCCTCAG GGTGGTGATT TACTATTACT TTCGrrTATTA 
1090 1100 1110 1120 1130 1140 


AAAAACAACA TAACTACGAA TCTTAATQTQ AATGTGGTTA CGAATACnTG TATTAAATTA 
TmTCTTGT ATTGATGCTT AGAATTACAC ITACACCAAT GCTTATCAAC ATAATTTAAT 
1150 1160 1170 1180 1190 1200 


ATTTATAGGC CTAAAACTAT AGACTTAACG ACAATGGAGA TTGCAGATAA ATTAAAOrrA 
TAAATATCCG GATTTTGATA TCTGAATTGC TGTTACCTCT AACGTCTATT TAATTTCAAT 
1210 1220 1220 1240 I25O 1260 


GAGAGAAAAG GAAATAGTAT A6TTATAAAG AATCCAACAT CATCATATGT GAATATTGCA 
CTCTCTTTTC CTTTATCATA TCAATATTTC TTAGGTTGTA GTAGTATACA CTTATAACGT 
1270 1280 1290 1300 1310 1320 


AATATTAAAT CTGGTAATTT AAGITITAAT ATTCCAAATG GATATATTGA GCCATTTGGA 
TTATAATTTA GACCATTAAA TTCAAAATTA TAAGGITTAG CTATATAACT CGGTAAACCT 
1330 1340 1350 1360 1370 1380 


TATGCTCAAT TACCTQGTGG AGTACATAGT AAAATAACTT TGACTATTTr GGATGATAAC 
ATACGAGTTA ATGGACCACC TCATGTATCA TTTTATTGAA ACTGATAAAA CCTACTATTG 
1390 1400 1410 1020 1430 1440 


GGCGCTGAAA TTATAAGAGA ATTATTAGTr TAAQGTGTAA AACAAATQAA GAAAACCACA 
CCGCGACnr AATATTCTCT TAATAATCAA ATTCCACATT TTGTrrACTT CTTTTGGTGT 
1450 1460 1470 1480 1490 1500 
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ATTACTCTAT TTGnTTAAC CAGTOTATTT CACTCTGQAA ATCnTITCTC CACSACAATAT 
TAATCAGATA AACAAAATTG GTCACATAAA CTGAOACCTT TACAAAAGAG GTCTGTTATA 
1510 1520 1530 1540 1550 1560 


AATTTCGACT ATGGAAGTTT GAGTCTTCTC CCGCTGAGAA TGCATCTTTT CTAAGTCTTG 
TTAAAGCTGA TACCTTTCAAA CTCAGAAGAG GGCCACTCTT ACGTAGAAAA GATTCACAAC 
1570 1580 1590 1600 1610 l620 


AAACGCTTCC CTGQTAATTA TCnTGTTQAT 
TITGCGAAGG GACCATTAAT ACAACAACTA 

1630 1640 1650 


GTATATTTGA ATAATCAGTT AAAAGAAACT 
CATATAAACT TATTAGICAA TTTTCTTTGA 
1660 1670 1680 


ACTOACrrGT ATTTCAAATC AATGACTCAG ACTCTAGAAC CATGCTTAAC AAAAGAAAAA 
TXSACTCAACA TAAAGTITAG TTACTGAGTC TGAGATCTK5 GTACGAATTG i-iiivriiii 
1690 1700 1710 1720 1730 1740 


CTTATAAAGT ATGGGATCGC CATCCAGQAO 
GAATATTTCA TACX;CTAGCG GTAOSTCCTC 
1750 1760 1770 


CTTCATGGGT TGCAGTTrGA TAATGAACAA 
GAAGTACCCA ACGTCAAACT ATTACTTGTr 
178O 1790 1800 


TGCGTICICT TAGAGCATIC TCCTCnTAA ATATACTTAT AACXSCGGCTA ACCAAAGTrX 
ACGCAAGAGA ATCTCGTAAG AGGAGAAATT TATATGAATA TTGCGCCGAT TGOTTTCAAA 
1810 1820 1830 1840 1850 i860 


GCTTTTAAAT GCACCATCTA AAATTCTATC TCCAATAGAC AGTGAAATIG CTGATGAAAA 
CGAAAATTTA CGrGOTAQAT TTTAAGATAG AGGTTATCTG TCACTTTAAC GACTACTTTT 
1870 1880 1890 1900 1910 1920 
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TATCTGGGAT GATGGCATTA ACGCTITrCT TTTAAATTAC AGAGCTTAAT TATTTGCATT 
ATAGACCCTA CTACXIGTAAT TGCGAAAAGA AAATTTAATG TCTCGAATTA ATAAACGTAA 
1930 1940 1950 i960 1970 1980 


CTAAGGTTGG AGGAGAGAGA TTCATACTTT GGTCAAATTC AACCTTGGTr TTAATITTGG 
GATTCCAACC TCCTCTCTCT AAGTATGAAA CCAGrTTTAAQ TTGGAACCAA AATTAAAACC 
1990 2000 2010 2020 2030 2040 


TCCCTGGCGG CTAAGGAATC TATCATCTTG GCAAAACITG TCAAGCGAAA AAAAATTTGA 
AGGGACCGCC GATTCCTTAG ATAGTAGAAC AGmTGAAC AGTTCGCTTT TnTTAAACT 
2050 2060 2070 2080 2090 2100 


ATCAGCATAT ATTTATGCTG AGCGAGGTTT AAAAAAAATA AAGAGCAAAC TAACAGriTGG 
TAGTCGTATA TAAATACGAC TCGCTCCAAA TTTTTTTTAT TTCTCGTrTG ATTGTCAACC 
2110 2120 2130 2140 2150 2160 


GGACAAATAT ACCAGTGCAG ATTTATTCGA TAGCGTACCA TTTAGAGGCT nTCTITAAA 
CCTGnTATA TGCrTCACGTC TAAATAAGCT ATCGCATGGT AAATCTCCGA AAAGAAATTT 
2170 2180 2190 2200 2210 2220 


TAAAGATGAA AGTATGATAC CnTCTCACA GAGAACATAT TATCCAACAA TACGTGGTAT 
ATTrCTACTT TCATACTATG GAAAGAGTCT CTCTTGTATA ATAGGrrGTT ATGCACCATA 
2230 2240 2250 2260 2270 2280 


TGCGAAAACC AATGCGACTG TAOAAQTAAO ACAAAATGGA TACTTGATAT ATTCTACTTC 
ACGCTTTTGG TTACGCTQAC ATClTCATrC TQTTTTACCT ATGAACTATA TAAGATGAAG 
2290 2300 2310 2320 2330 2340 
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AOrCCCCCCC GGGCAATTCG AGATAGCTAG AGAACAAATT GCTGATC -3' 
TCAGGGGGGG CCCGTTAAGC TCTATCCATC TCTTGITTAA CGACTAG -5' 
2350 2360 2370 2380 


or sequences degeneratively equivalent thereto. 

6. Recombinant DNA as claimed in Claim 2 wherein the sequences I and 
II are comprised within a contiguous sequence VII (as described 
herein) . 

7. Recombinant DNA as claimed in Claim 3 wherein the sequences III 
and IV are comprised within a contiguous sequence VIII (as described 
herein) . 

8. Recombinant DNA as claimed in Claim 5 wherein the sequences V and 
VI are comprised within a contiguous sequence IX (as described 
herein) . 


9. Recombinant DNA as claimed in Claim 3 or Claim 7 wherein the 
amino acid sequence encoded is all or part of an allele of SEFA. 

10. Recombinant DNA as claimed in any one of claims 1 to 5 further 
comprising a sequence encoding for a further amino acid sequence. 


11. Recombinant DNA as claimed in Claim 10 wherein tie ftirther amino 
acid sequence comprises additional SEFA antigen or epitopic parts 
thereof. 
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12. Recombinant DNA as claijned in Claim 10 wherein the further amino 
acid sequence comprises a non-SEFA epi topic sequence « 

13. Recombinant DNA as claimed in Claim 12 wherein the non-SEFA 
epi topic sequence comprises SBIO epitope of Mvcobacterium bovis . 

14. A novel plasmid comprising recombinant DNA as claimed in any one 
of Claims 1 to 13. 

15. A plasmid as claimed in Claim ik comprising a plasmid suitable 
for transformation of E.coli or yeast into which the recombinant DNA 
has been inserted. 

16. A plasmid as claimed in Claim 14 or I5 comprising pBR322, 
pACYCl84 or pUCl8 into which the recombinant DNA has been inserted. 

17. A trans formant microorganism comprising a plasmid as claimed in 
any one of claims l4, 15 or I6. 

18. A microorganism as claimed in Claim I7 wherein the plasmid host 
is a yeast or an E.coli . 


19. A microorganism as claimed in Claim I8 wherein the plasmid host 
is an E. r.Qli DHSalpha. 
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20. A plasmid as claimed in any one of Claims l4, 15 or l6 wherein 
the recombinant DNA sequences are produced by extracting total 
genomic DNA from an R- ^nh^T-itidis or a SEFA expressing S. dub ll n ; 
partially digesting the genomic DNA with SauIIIA restriction 
endonuclease to provide fragments in the size range 5 to 10 
kilobases; ligating the fragments into a plasmid pBR322. pACYCl84 

or pUCl8 and selecting desired plasmids for their ability to express 
SEFA. a part thereof or an allele of either* 

21. A plasmid as claimed in Claim 20 wherein a further DNA sequence 
has been ligated into the BamHl site in sequence I. III. V. VII, VIII 
or IX. 

22. A plasmid as claimed in Claim 20 wherein the further DNA sequence 
is in frame with the SEFA expressing sequence. 

23. A transformant microrganism as claimed in any one of Claims 1? to 
19 wherein the plasmid is that as claimed in any one of Claims 20 to 
22. 

2k. A polypeptide or oligopeptide coiaprising SEFA, an epi topic part 
thereof or alleles of either as expressed by a transfonnant as claimed 
in any one of Claims 17. l8t 19 or 23- 

25. A test kit for the identification of microorganisms as 
being of either serotype s. ftnterltidis or S, dublln comprising a 
polypeptide as claimed in Claim 24. 
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26. A method for the determination of the presence of microorganisms 
having DNA or RNA polynucleotide sequence encoding for SEFA, an 

epi topic part thereof or alleles of either, or such DNA or RNA itself, 
comprising: 

(a) providing a sample suspected of containing said encoding 
polynucleotide sequence; 

(b) determining the presence of said sequence by monitoring 
hybridization of SEFA sequence targeted polynucleotide 
hybridization probes with said DNA or RNA. 

27. A method as claimed in Claim 26 wherein the polynucleotide 
probes are targeted to any one of the sequences VII, VIII or XI. 

28. A method as claimed in Claim 27 wherein the polynucleotide probe 
consists of sequence VII, VIII or XI. 

29* A method for determining the presence of microorganisms having 
DNA or RNA polynucleotide sequence encoding for SEFA or an epitopic 
part thereof, or such DNA or RNA itself, comprising: 

(a) providing a sample suspected of containing said encoding 
polynucleotide sequence; 

(b) subjecting said senile to conditions under which polynucleotide 
sequences comprising sequences (I) and (II) are replicated by use of 
the polymerase chain reaction; 

(c) determining the presence of any sequence produced. 
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30. A method as claimed in Claim 29 wherein the step (c) is carried 
out using a polynucleotide hybridization probe. 

31 « A method as claimed in either of Claim 29 or Claim 30 wherein 
step (b) employs primer pairs comprising one primer selected from 
group (A) and the other from group (B): 

Group A: Group B: 

5' -GrrGCGAATGCTAATAGTTGA- 3* 5* -AAAACAGGCTGTCCTTGTCCA- 3' 

5* -TGCGTAAATCAGCATCTGCA- 3' 5* -TTAQCCTrTTCTTGAGAGCTGG- 3' 

5» -TCTGCAGTAGCAGTTCTraC- 3* 5* -TnTGATACTGCTGAACGTAG- 3' 

5' -GCTCAGAATACAACATCAGCCAA- 3* 


32. A method as claimed in any one of Claims 29 to 3I wherein the 
step (c) is carried out using an oligonucleotide probe selected from 
sequences of either of groups A or B (as described herein) which is 
different to that of either of the primers used for step (b) . 

33* A test kit for performing the method of any one of Claims 26 to 
28 coiq)rising polynucleotide hybridization probes targeted at 
sequence VII » VIII. 

34. A test kit as claimed in Claim 33 iriierein the probes comprise 
sequences comprising sequence VII or VIII. 

35. A test kit for performing the method of any one of Claims 29 to 
32 comprising primers and probes having sequences selected fzrom the 
groups (A) and (B). 
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RECOMBINANT SEFI4 RMBRIAL PROTEIN FROM SALMONELLA 

FAeld Qt the Invention 

The present invention relates to a method of 
cloning and expressing a truncated form of a fimbrial gene 
and the use of the truncated fimbrial gene product in an 
iramunodi agnostic assay and for imraunoprophylaxis . 

Backcrround of the Invention 

Foodborne infections cause an estimated 6.5 
million cases of human illness and 9000 deaths annually in 
the United States alone. Bacterial infections by 
Salmonella are the most commonly reported cause of 
foodborne outbreaks. Salmonella enteritidis (SE) is the 
dominant Salmonella serotype isolated from cases of food 
poisoning. Many of these outbreaks are thought to be due 
to infected poultry products, particularly eggs and egg 
products . 

The best way to prevent infection in human 
populations is to diagnose and treat the infected animal 
prior to human consumption. Because the greatest threat of 
food poisoning from Salmonella is from poultry products, 
there is a need for a method to detect birds that are 
infected with SE. 

Some current diagnostic methods rely on 
conventional bacteriologic cultures. However, these 
procedures are relatively slow, often taking up to 3 to 4 
days to provide even a presumptive diagnosis. 
Additionally, the great susceptibility of SE to physical 
and chemical factors such as desiccation, radiation, low 
temperature, heating, or chemical preservatives, causes 
traditional bacteriologic culture methods, to generally have 
a low sensitivity. Consequently, many birds or animals 
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that are infected with SE are often not detected when 
conventional bacterial cultures are used. 

Other diagnostic methods rely on the detection of 
serum antibodies specific to SE. Although several 
5 serological methods such as micro-agglutination, serum 
plate agglutination, latex particle agglutination 
microantiglobulin, ELISA have previously been employed, 
these assays lack either the sensitivity or specificity 
necessary to detect SE infected birds, or the tests are too 
10 difficult to perform in a routine laboratory or field 

setting. Consequently, widespread application of these 
tests for the detection of SE infections has been 
impractical . 

A useful antigenic determinant that is found on 
15 many species of Enterobacteriaceae are fimbriae, 

proteinaceous filamentous surface structures composed of 
protein subunits called fimbrin. Upon infection, birds 
make antibodies to this SE fimbrial antigen. Therefore, 
the SE fimbrial antigen is useful in a diagnostic assay for 
20 the presence of SE in poultry. 

SE is known to have at least four distinct 
fimbria, designated Sefl4, Sefl7, SeflS and Sef21. These 
proteins are encoded by SefA, AgfA, SefD and FinA genes, 
respectively. 

25 Although the gene encoding Sefl4 has been 

identified and its DNA nucleotide sequence determined 
(Trucotte and Woodward, Journal of General Microbiology, 
139:1477-1485 (1993)), an effective diagnostic method using 
this surface antigen has not been developed, partially due 

30 to the difficulty of efficiently producing the fimbriae 
proteins in purified form and in large quantities. 
Additionally, expression of Sefl4 fimbriae by cultured 
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Salmonella enteritidis is highly dependent on the growth 
medium composition. In a study by Thorns et al., 
JnternationaJ Journal of Food Microbiology, 21:47-53 
(1994), only peptone water pH 7,2 supported the expression 
of Sefl4 by all Salmonella enteritidis strains examined. 
Consequently, previous diagnostic assays using Sefl4 have 
used antibodies against Sefl4 and not the antigen itself. 

Hence, there is a need for a sensitive, specific 
and routine antigen and method to reliably detect SE 
infection in birds, preferably a method that is easily 
adaptable to large-scale screening of poultry flocks. 

Summary of the Inveufcioti 
The present invention provides a sensitive, 
specific, routine antigen and assay to reliably detect SE- 
infected animals. Specifically, the present invention 
provides a truncated form of the Sefl4 antigen that can be 
easily produced in purified form and in large quantities 
and used in the method of the invention. The novel Sefl4 
antigen, when coupled to a substrate such as latex beads, 
provides a diagnostic assay for SE, particularly useful in 
large-scale screening of poultry flocks. 

Brief Description of the Plgugefl 

Figure 1 is a photograph showing a SDS-PAGE of 
the recombinant Sefl4 (rSefl4) fragment (arrow) . 

Figure 2 is a photograph showing a Western blot 
of the rSefl4 fragment probed with anti-Sefl4 antibody 
(lane 1) and anti-tag (T7) antibody (lane 2) , 

Figure 3 is a photograph showing results of a 
rSefl4- latex agglutination assay for SE infection in 
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chickens exposed to S. enteritidis (A), S. pullorum (B) , 
and serum- free antigen control (C) . 

Figure 4 is a photograph showing results of a 
rSefl4- latex agglutination assay for SE infection in 
5 chickens exposed to S. enteritidis (A), S. gallinarum (E) , 
S. pullorum (C) , 5. typhimurium (D) , C. arizonae (E) , E. 
coli (F) , serum free antigen control (G) , and serum control 
(H) . 

Figure 5 is a graph showing the percentage of 
10 chickens testing positive for anti-SE antibodies during 4 
weeks post -innoculat ion. The five bars at each week 
represent innoculation with 10*, 10^, 10^ 10^°, and control 
(no cells) , 

Figure 6 is a graph showing the antibody tit res 
15 of chicken sera samples testing positive for anti-SE 
antibodies. 

Figure 7 is a graph showing the antibody tit res 
of chicken egg yolk samples testing positive for anti-SE 
antibodies . 

20 

Detailed Dagerlphion of the Invention 

The present invention is directed to a method for 
diagnosing Salmonella enteritidis infection or evidence of 
infection in an animal, particularly poultry, using a 
25 recombinant truncated fimbrial antigen. 

\ ^^Infection" raeauis active colonization of the 

\ animal by SE organisms. "Evidence of infection" means a 
orior history of colonization by SE in the animal, although 
tive colonization is not present. Diagnosis of active 
ction is needed to protect against contamination of 
upplies, whereas diagnosis of prior infection is 
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needed to alert against new infection or to trace the 
source of infection in a flock, 

Fimbrial Proteins 

Fimbriae are proteinaceous filamentous surface 

structures composed of protein subunits called fimbrin. 

These proteinaceous structures are thought to be virulence 

factors which mediate specific attachment to host cell 

mucosal surfaces. They are present in most enteric 

bacteria capable of invading host cells. 

Salmonella enteritidis has four distinct 

fimbriae: Sefl4, SeflV, Sefl8 and Sef21 which are encoded 
by sefA, agfA, sefD and fimA genes, respectively. Sefl4 is 
unique with only limited distribution in the genus. In 
contrast, all other fimbrial proteins are widely 
distributed in the genus. Thus, they have limited use as 
diagnostic reagents for SE detection. 

Cloning and Expression of Q^fid 

In the present invention, a truncated form of the 
Sefl4 antigen retaining the antigenic character of the 
entire protein has been produced. Unlike the complete 
protein, however, the truncated form can be easily produced 
in purified form and in large quantities, without special 
growth medium recjpiirements, 

PGR technology is used to produce the truncated 
Sefl4 protein by amplification with suitable primers. 

Primers are selected to amplify the gene encoding 
Sefl4 in a region downstream of the encoded signal peptide, 
e.g., downstream of about nucleotide 145 of the Dral 
genomic fragment shown in Figure 1 of Turcotte and 
Woodward, Supra. Preferably, the PGR primers include 
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additional nucleotides at the 5' ends, encoding specific 
restriction enzyme recognition sequences, for ease of 
purification. For example, useful primers for amplifying 
that portion of the aefA gene encoding an immunogenic Sef 14 
5 fragment downstream of the signal peptide are shown below: 


GGGAATTrGCTOOfTTTOTTrjaTaAr-a 

SEQ ID N0:1 

GGGCTCGAGTTAGTTTTGATAPTRaarrSTA 

SEQ ID NO: 2 


After a truncated gene sequence encoding Sef 14 is 
produced, it can be cloned into a host using a plasmid or 

10 phage as a vector. Typically, the expression of Sef 14 
fimbriae by cultured Salmonella enteritidis is highly 
dependent on the growth medium composition (Thorns et al. 
International Journal of Food Microbiology, 21:47-53 
(1994)), and it is typically difficult to produce large 

15 quantities. However, a truncated form of Sef 14 having at 
least the signal peptide removed is expressed in host 
systems such as K. coii without these difficulties. 

Truncated Sefl4 Antigen 

20 Because the truncated Sef 14 protein retains the 

antigenic characteristics of the complete protein, it is 
useful in various immunological methods. For example, the 
inventive antigen is useful in antibody binding 
immunoassays such as assays to detect the presence of 

25 antibodies against SE in a sample. Suitable binding assays 
include ELISA, wherein the recombinant Sefl4 antigen is 
. bound to a surface and estposed to antibodies against SE. 
To detect the presence of bound anti-SE antibodies, a 
marker such as an enzyme -linked secondary antibody is then 

30 added. 
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An agglutination assay using truncated Sefl4 
antigen-coated latex beads is preferred. In the 
agglutination reaction, antigen- coated latex beads form 
detectable clusters when exposed to antibodies against SE. 
5 This preferred assay is described more fully in Example 4, 
below. 

PiagnQStic Assays 

The assays described above can be used to detect 

10 the presence of antibodies to SalmonGllci- enteritidis , 

Preferably, the assays are used to determine whether or not 
an animal, e.g. a poultry animal such as a chicken or 
turkey, is infected with SE. Animal fluid such as blood or 
serum can be used in a diagnostic assay. If an animal is 

15 infected with SE, the animal will typically produce anti-SE 
antibodies. The recombinant Sefl4 antigen is used to 
detect the presence of anti-SE antibodies, SE infection or 
the SE organism itself. Diagnostic assays such as these 
are particularly useful in birds. More particularly, 

20 diagnostic assays are useful in detecting SE infections in 
chicken or turkey to prevent foodborne illness by poultry 
consumption. 

Vaccina 

25 Passive immunization with anti-Sefl4 antibodies 

has been shown to reduce Salmonella enteritidis 
colonization (Peralta et al. 1994), Additionally, Sefl4 
cam. induce a T-cell immune response (Ogunniyi et al 1994) . 
Because the truncated Sefl4 antigen exhibits these 

30 immunological activities, can be produced in large 
quantities, and does not have the cumbersome growth 
requirements of the complete protein, the truncated Sefl4 
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antigen is also useful as a vaccine to confer immunity 
against SE. Preferably, the truncated Sefl4 antigen is 
used as a vaccine in poultry to prevent foodborne 
illnesses . 

5 

EXAMPLES 

The invention may be better understood with 
reference to the following examples which are not intended 
10 to limit the invention. 


Exanple 1 

15 S. enteritidis was grown overnight at 37 °C in 

Luria-Bertani (LB) broth. Genomic DNA was extracted as 
described (Sambrook, et al., 1989) using standard methods 
with minor modifications. In brief, bacterial cells were 
pelleted by centrifugation at 13,000 x g for 3 minutes, 

20 washed/ suspended in 1 ml of l M NaCl, centrifuged for 5 

minutes at 13,000 x g, and the pellet resuspended in 1 ml 
TE buffer (50 mM Tris-HCl, 50 mM EDTA, pH 7.8) . The sample 
was next incubated with 5 \il of lysozyme (50 mg/ml) (Sigma 
Chemical Co., St. Louis, MO) and 0.3 mg/ral RNase A (Sigma) 

25 at 37**C for 30 minutes. To this suspension, 1% sarkosyl 
and 0.6 mg/ml of proteinase K (Sigma) were added, and the 
mixture incubated at 37** for l hour. Following incubation, 
chromosomal DNA was extracted twice with an equal volume of 
phenol -chloroform- isoarayl alcohol (25:24:1) and once with 

30 chloroform : isoamyl alcohol (24:1). Genomic DNA in the 

aqueous phase was precipitated at -20° C with two volumes of 
absolute ethanol and 0.1 volume of 3 M sodium acetate, and 
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pelleted by centrifugation at 13,000 x g for 5 minutes. 
The pellet was then washed twice with 70% ethanol, air 
dried, and suspended in TE Buffer (lOmM Tris-HCl and ImM 
EDTA pH 8.0) . Total DNA was quant itated 
spectrophotometrically at Ajgo nra. 

Example 2 

Cloning of geflk ggae f cagment 
Oligonucleotide primer selection and synthesis: 

Oligonucleotide primers corresponding to an 
internal fragment (64-498 bp) of the open-reading frame of 
the sefA gene were used for PCR amplification. Additional 
bases were added to the 5' end of each primer in order to 
confer a recognition sequence for either EcoRI (forward 
primer) or Xhol (reverse primer) . The oligonucleotide 
primers were obtained from Integrated DNA technologies 
Inc., Ames, lA. The DNA sequences for the forward and 
reverse primers are shown below: 


CSGGAATTCGCTGGCTTTGTTfiTtTAArA 

SEQ ID N0:1 

GGGCTCGAGTTAGTTTTRATArTriAArnTA 

SEQ ID NO: 2 


Additional nucleotides added to the 5' end of the primers 
are underlined. 

PCR asplifioation o£ eefA gene fragment. 

Amplification reactions were performed in 3 0 |il 
volumes with 30 pmol of each primer and 5 mM MgClj. The 
reagents and enzymes used for PCR were obtained either from 
Boehringer Mannheim (Indianapolis, IN) or Perkin Elmer 
(Foster City, CA) . One hundred ng of genomic DNA was used 
as a template for PCR amplification with the following 
parameters: an initial denaturation at 94**C for 5 minutes, 
followed by 35 cycles of denaturation (94*'C for 1.5 
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minutes), annealing 52**C for 1 minute) and extension (72*0 
for 2 minutes) , and a final extension of 15 minutes at 
72**C. All amplification reactions were performed in a 
Perkin- Elmer Cetus DNA thermal cycler (Model 480) . The PGR 
5 products were analyzed on a 1% agarose gel, stained with 
ethidium bromide (0.5^g/ml), and photographed under UV 
light . 

PGR products were gel extracted (Qiagen Inc., 
Chatsworth, OA), quantitated spectophometrically, at 260 

10 nm, and cloned directly into pGEM-T vector (Promega, 

Madison, WI) . Following ligation, 2p.l of the reaction 
products were transformed into E. coli DH5a cells {Gibco 
BRL, Gaithersburg, MD) by the heat shock method. 
Recombinant colonies were selected on ampicillin/IPTG-Xgal 

15 containing plates and screened for the presence of the 
appropriate insert by restriction analysis. 


Nucleotide sequence analysis 

A bacterial colony containing the recombinant 
20 plasmid with the rSefA fragment was grown in LB-ampicillin 
media, and the plasmid extracted using Qiagen plasmid 
extraction kit (Qiagen) . The nucleotide sequence of the 
insert was determined using oligonucleotide primers 
specific to the vector sequence by automated DNA secjuencing 
25 at the University of Minnesota Advanced Genetic Analysis 
Center. The insert was sequenced in its entirety in both 
orientations, and the amino acid sequence deduced using the 
standard genetic code (DNA*, Madison, WI) . Sequencing 
results are shown below for nucleotide and deduced amino 
30 acid sequences of the insert (Seq. ID»N0:5) , together with a 
tag secpience added during the subcloning of the fragment 
into the pET/abc expression vector (Seq. ID.N0:3) . The 
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added tag sequence at the 5' end, provides a Histidine-rich 
portion to facilitate purification of the sequence on 
nickel columns, as well as an antigenic region that 
specifically binds the T7 anti-tag antibody provided with 
the pET/abc vector kit. 


Nucleic Acid Sequence encoding rSefA fragment 


SEQ ID N0:3 


ATG QQC 

_AGC AGC CAT CAT CAT CAT TAT ran unr 

AOr 

anr 


GTC 

45 

CCG 

CGC 

_GGC_ AGC CAT ATG GCT AGC ATO APT ftnr nun r.7Mv 

ATG 

?0 

GGT CGC GGA TGG GAA TTP arr nan ttv riTT nnn^ 

AAA 

GCA 

GTG 

135 

GTT 

CAG 

GCA GCG GTT ACT ATT GCA GCT CAG AAT 

ACA 

ACA 

TCA 

GCC 

180 

AAC 

TGG 

AGT CAG GAT CCT GGC TTT ACA GGG CCT 

GCT 

GTT 

GCT 

GCT 

225 

GGT 

CAG 

AAA GTT GGT ACT CTC AGC ATT ACT GCT 

ACT 

GGT 

CCA 

CAT 

270 

AAC 

TCA 

GTA TCT ATT GCA GGT AAA GGG GCT TCG 

GTA 

TCT 

GGT 

GGT 

315 

GTA 

GCC 

ACT GTC CCG TTC GTT GAT GGA CAA GGA 

CAG 

CCT 

GTT 

TTC 

360 

CGT 

GGG 

CGT ATT CAG GGA GCC AAT ATT AAT GAC 

CAA 

GCA 

AAT 

ACT 

405 

GGA 

ATT 

GAC GGG err GCA GGT TGG CGA GTT GCC 

AGC 

TCT 

CAA 

GAA 

450 

ACG 

CTA 

AAT GTC CCT GTC ACA ACC TTT GGT AAA 

TCG 

ACC 

CTG 

CCA 

495 

GCA 

GGT 

ACT TTC ACT GCG ACC TTC TAC GTT CAG 

CAG 

TAT 

CAA 

AAC 

540 

TAA 

CTC 

GAG CCC 5^2 






♦Additional amino acid residues added to the amino 
terminus to facilitate protein purification and 
cloning are underlined. 


Deduced amino acid sequence of rSefA protein fragment* 

Seg. ID NO: 4 


MGSSHHEIHHHSSGLVPRC?RHMASi^rrnfyy ^MGRGgRFA CPvr;iWA aw 

lAAQNTTSANWSQDPGFTGPAVAAGQKVGTLSITATGPHNSVSIAGKGASVSGG 

VATVPFVIXSK2GQPVFRGRIQGANINDQANTGirX?^^ 

FGKSTLPAGTFTATFYVQQYQN 

^Additional amino acid residues added to the amino 
terminus to facilitate protein purification and 
cloning are underlined. 


It is understood that the amino acids added to the N- 
terminus of the Spfl4 antigen are optional, and used for 
ease of cloning and purification. The amino acid sequence 
in the absence of these added residues (Sequence ID No: 6) 
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with or without other added residues for cloning or 
purification procedures, for exanple, are similarly useful 
as antigens in the diagnostic assays of the invention. 

5 Subcloning sefA gene fragment into an expression vector 

The pGEM-T plasmid carrying sefA fragment was 
double digested with EcoRI and Khol, and the digested 
products gel purified (Qiagen) and cloned into EcoRI and 
XhoJ digested pET/abc expression vectors (Novagen Inc . , 
10 Madison, WI) . Ligation products (2 ^1) from each of the 

reactions were transformed into E. coli BL21 (DE3 ) pLyS cells 
by heat shock method. Recombinant clones were cultured on 
Icanamycin and chloramphenicol containing plates, and 
analyzed by restriction enzyme analysis. 

15 

rSefA fragment expression 

The recombinant clones were selected based on 
restriction enzyme analysis with EcoRI and XhoJ digestion, 
selecting those clones yielding appropriately sized 

20 fragments as compared with a vector control. Selected 
clones were analyzed for rSefA fragment expression. 
Briefly, a single colony from each (pETabc/5efA fragment) 
freshly streaked plate was picked and inoculated to 50 ml 
LB broth containing appropriate antibiotics and incubated 

25 with shaking at 200 rpm at Sl^'C until the ODgoo reached 0.6. 
Cultures were induced with IPTG (0.4 mM) and incubated for 
an additional 3 hours. Following incubation, the cells 
were pelleted and resuspended in 5 ml of TE buffer (50mM 
Tris-HCl pH 8.0, 2mM EDTA) and incubated with 25 ^1 of 

30 lysozyme (50 mg/ml) and 100 ^1 of 1% Triton X-100 for 20 
minutes at 30*C. The samples were sonicated until they 
were ho longer viscous, cuid centrifuged at 39,000 x g for 
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20 minutes. The supernatant was passed through a 0.45 ^tn 
membrane filter, and stored at -20**C until further use. 

SDS-PAGE analysis 

5 The cell lysates were next analyzed by SDS-PAGE 

for the presence of the rSefA fragment by mixing with an 
equal volume of 2x SDS solubilization buffer separating on 
12% polyacrylamide gels, and staining with Coomassie blue. 
The results are shown in lane 1 of Figure 1 which contains 
10 the total protein produced by the vector and contained. in 
the cell lysates. 

Western blot analysis 

The lysates were separated on 12% polyacrylamide 
15 gels and transferred onto a nitrocellulose membrane using 
Transblot apparatus (Bio-Rad laboratories, Hercules, CA) . 
Following transfer, the membrane was blocked with 3% BSA in 
phosphate buffered saline (PBS) and stained with either T7 
ant i- tag antibody (Novagen) or rabbit anti-Sefl4 specific 
20 antibody (kindly provided by Dr. W. W. Kay, University of. 

Victoria, BC, Canada) , The membrane was washed and stained 
with EUiti-rabbit IgG/HRP conjugate and treated with 
developing reagent (Amersham lif sciences. Inc., USA) for 1 
minute, exposed to X-ray film, and the radiograph 
25 developed. The results are shown in Figure 2, where lane 1 
is probed with anti-Sefl4 antibody, and lane 2 with T7 
ant i- tag antibody. 

Purification of rSefl4 fragment protein by column 
30 chromatography and electroelution 

The recombinant Sefl4 protein fragment produced 
in the cell lysates described above was purified by binding 
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of the Histidine-rich tag to nickel columns as described by 
the manufacturer (Novagen) . Briefly, the cells were 
induced and extract was prepared as described above except 
that the induced cells were suspended in Tris buffer 
5 without EDTA. The cell lysate was passed through nickel 
columns and washed sequentially with binding buffer (5 mM 
imidazole, 0.5 M NaCl, 20 mM Tris -CHI, pH 7.9) and wash 
buffer (60 mM imidazole, 0.5 M NaCl, 20 mM Tris-HCl, pH 
7.9) . The bound protein was eluted using elution buffer (1 

10 M imidazole, 0.5 M NaCl, 20 mM Tris-HCl, pH 7.9), 

quantitated using a Bio-Rad protein assay kit (Bio-Rad 
laboratories, Hercules, CA) , and analyzed by SDS-PAGE. 
(See Figure 1, lane 2, where the arrow indicates the rSefl4 
fragment at about 19 KDa.) Since the column purified 

15 recombinant material contained traces of non-specific 
proteins, the appropriate rSefl4 fragment was further 
purified by cutting the rSefl4 fragment from the gel and 
electroelution (Bio-Rad) following the manufacturer' s 
suggested protocol. The electroluted fragment is shown in 

20 lane 4 of Figure 1 (at arrow) . 

Covalent goupllno of rSefl4 to blne-dved latex beads 

The electroeluted rSef 14 protein fragment was 
25 coupled to either 0.5 jim or 1.0 ^m blue-dyed latex beads 
(Polysciences Inc., Warrington, PA) by gluteraldehyde 
method. Briefly, 1 ml of 2.5% suspension of the beads were 
washed with PBS (pH 7.4), pelleted by centrifugation and 
resuspended in 1 ml of 8% gluteraldehyde (EM grade) in PBS, 
30 and incubated overnight with gentle end-to-end mixing at 

room temperature. Following gluteraldehyde treatment, the 
beads were pelleted, washed with PBS three times and 
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incubated with 500 jig of purified rSefl4 fragment for 5 
hours at room temperature with gentle end-to-end mixing. 
The beads were pelleted, and incubated with 1 ml of 0 . 5 M 
ethanolamine in PBS for 30 minutes at room temperature with 
5 gentle end- to -end mixing. The mixture was then treated 
with 1 ml of 10 rag/ml BSA in PBS for 30 minutes at room 
temperature, centrifuged and the pellet resuspended in 1 ml 
PBS (pH 7.4), containing 10 mg/ml BSA, 0.1% NaNj and 5% 
glycerol, and stored at 4°C to form rSefl4 - fragment 
10 coated latex beads for use in agglutination assays. 


ExampJft 4 

rSefl4- latex bead agglutination test 

Bacteria was administered to chickens by either 

15 injection, intratracheal or oral administration of 10^ 
colony forming units (CFU) of either S. enter i tidi s , S, 
pullorunir S, ari zonae, S, typhimurium, S, gallinarum, or E. 
coli. After about two to three weeks exposure, serum was 
collected and used to evaluate the sensitivity and 

20 specificity of the rSefl4-latex beads in an agglutination 
assay for anti-SE antibody binding. A total volume of 7.5 
\il of rSefl4 fragment coated latex beads, produced as 
described for Example 3, were mixed with an equal volume of 
chicken serum collected from birds exposed to various 

25 pathogens, as described above. The presence of 

agglutination, visually seen as a loss of intense blue 
color in the sample (i.e., lightening of color as the 
coated beads agglutinate or fonn a lattice) . Absence of 
the agglutination reaction was visualized by the remaining 

30 intense blue color of the dyed beads in a homogeneous 

suspension. Positive or negative agglutination reaction 
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was recorded after two minutes. The results are shown in 
Figures 3 and 4 . 

In figure 3, intense blue color (negative result) 
is seen in test samples B and C iS, pullorxm and the serum- 
5 free antigen control) . In contrast, a positive 

agglutination result is seen in test Sample A, (S. 
enteritidis) , as a pale blue, diffuse agglutination 
pattern. 

In figure 4, a positive agglutination reaction is 
10 seen in sample A (S. enteritidis) and in sample H (serum 

control) . No agglutination reaction is seen in the samples 
B-G containing serum animals exposed to the following 
pathogens: S. gallinarium (B) , S. pullorxm (C) , S. 
typhimurium {B] , S. arizonae (E) , K. coli (F) , and serum 
15 free antigen control (H) . 

Example 5 

Detection of anti-S.E> anitbodies in Infected chlGkenB 

To confirm the specificity of the assay of the 
invention, forty SPF chickens (age 4weeks) were innoculated 
with various species of Salmonella. A suspension of 10^ 
CPU in PBS was administered by injection. A booster dose 
of lo' CPU was administered orally two weeks later. Serum 
samples were taken at weekly intervals and assayed for the 
presence of anti-SE antibodies. 

Serum samples were assayed by the standard Serum Plate 
Test (SPT) as described in Schaffer and MacDonald, 1931, 

, :236-240. Slides were visually scored (+ or 

-) for the presence of agglutination, indicating antigen- 
antibody binding. Samples were also assayed by the 
Microtiter Plate Test (MPT) as described in Williams and 
Whittemore, 1971 Applied Microbiology 21:394-399. These 


20 


25 


30 
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two assays are standard screening methods for the detection 
of Salmonella, using S.pullorium as a whole-cell antigen, 
and are not specific for SE, as shown in the table below. 

To demonstrate the specificity of the assays of the 
invention, serum samples were assayed using the latex 
agglutination test (LAT) described above for Example 4, 
which utilized the truncated Spfl4 antigen coupled to latex 
beads- Serum samples were also assayed for anti-SE 
antibodies by ELISA. In the ELISA, the truncated Spfl4 
antigen prepared as described for Example 3, was coated 
onto polystyrine plates. Antigen- coated plates were 
exposed to serum samples to permit binding of anti-SE 
antibodies to the antigen. The bound antigen-antibody 
complexes were washed, and then incubated with anti -chicken 
antibody coupled to biotin. The complex was then exposed 
to strep-avidin for signal detection. 

Results are shown in the table below. The LAT and 
Elisa assays demonstrated a useful specificity for the 
detection of SE. Of the organisms tested, only S.dublin, a 
bovine pathogen, demonstrated cross -reactivity in the 
assays * 


'.Species'. 



LAT . • • 

ELISA : 

S. enteritidis 

+ 

+ 

+ 

+ 

S. gctllinaLrum 

+ 

+ 



pulloruxn 

+ 

+ 



S. dublin 

+ 

+ 

+ 

+ 

S. jberta 

+ 




3, typhiimirium 


+ 



K. coii 





Control (no cells) 
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Exainple 6 
Speclfielty of antl-SE asBay 

The ELISA assay for detecting anti-SE antibodies 
5 described above for Example 6 was tested for specificity 
using a panel of antisera against knovm pathogenic 
organisms. Each sera was assayed in the anti-SE ELISA. No 
crossreativity was observed with any of the tested 
antisera . 


Antisera 

iKLZSA 


"Antifi|.ara -/ - 

ELISA 

Pox 



MG 


Reo 



NDV 


Rev 



CAV 


SB-1 



HVT 


IBDV 



IBV 


ILT 



S. typhimurum 


LLA 



S.gallinaruw 


LLB 



S.pullor-um 


MS 






15 Example 7 

Senaitlvlty of ELIgA for defcection of SE 

Fifty white leghorn layer chickens (5 weeks old) 
were orally innoculated in a single exposure with varied 
amounts of SE, from 10* to 10^° CFU in PBS. Serum samples 
20 were collected at weekly intervals for up to seven weeks. 
Eggs were collected for egg yolk antibody detection. 
Samples were analized for detection of anti-SE 
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antibodies using the ELISA described above for Example 6. 
As shovm in Figure 5, control chickens showed no positive 
reaction in the ELISA assay. Approximately 40-80% of 
chickens exposed to 10*, 10% lo', and lo" CPU of SE tested 
5 positive for anti-SE antibodies during the first four weeks 
post -innoculat ion. From 4-7 weeks post-innoculation, the 
data stabilized at about 45% positive detection of anti-SE 
antibodies . 

Antibody titers in the sera and egg yolks of chickens 
10 exposed to 10\ lo', and lo' CFU of SE and testing positive 
in the ELISA for anti-SE antibodies are shown in Figures 6 
and 7 . 

These data demonstrate specific detection of anti-SE 
antibodies using recombinant Sef 14-antigen coated latex 
15 beads in an agglutination assay and using the antigen as a 
capture agent in an ELISA. These assays provide a 
sensitive and specific diagnostic tool for the detection of 
anti-SE antibodies in animals and for the diagnosis of SE 
infection. 
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SEQUENCE LISTING 
(I) GENERAL INFORMATION 
(i) APPLICANT: REGENTS OF THE UNIVERSITY OF MINNESOTA 

(ii) TITLE OF THE INVENTION: 

RECCftffilNAKT FIMBRIAL PROTEIN 

(iii) NUMBER OF SEQUENCES: 6 

(iv) COIUIESPONDENCE ADDRESS: 

(A) ADDRESSEE: Merchant, Gould, Smith. Edell, Welter & Schmidt 

(B) STREET: 3100 Norwest Center, 90 South Seventh St 

(C) CITY: Minneapolis 

(D) STATE: MN 

(E) COUNTRY: USA 

(F) ZIP: 55402 

(v) COMPUTER READABLE FORM: 

(A) MEDIUM TYPE: Diskette 

(B) CCWPUTER: IBM Compatible 

(C) OPERATING SYSTEM: DOS 

(D) SOFTWARE: FastSEQ Version 2.0 

(vi) CURRENT APPLICATION DATA: 

(A) APPLICATION NUMBER: 

(B) FILING DATE: 18-JUL-1997 

(C) CLASSIFICATION: 

(vii) PRIOR APPLICATION DATA: 

(A) APPLICATION NUMBER: 60/022,191 

(B) FILING DATE: 19-JUL-1996 


(viii) ATTORNEY/AGENT INFOtelATION: 

(A) NAME: Kettelberger , Denise M 

(B) REGISTRATION NUMBER: 33,924 

(C) RE FERENCE / IX)CKET NUMBER: 600.335HO01 

(ix) TELECOMMUNICATION INFORMATION: 

(A) TELEPHONE: 612/371-5268 

(B) TELEFAX: 612/332-9081 

(C) TELEX: 
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(2) INFORMATION FOR SBQ ID N0:1: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 27 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS : single 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: cDNA 

(xi) SEQUENCE DESCRIPTION: SEQ ID N0:1: 
GGGAATTCGC TGGCTTTGTT GGTAACA 

2' 

(2) INFORMATION FOR SEQ ID N0:2: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 30 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: cDNA 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 2: 
GGQCTCGAGT TAQTTTTGAT ACTQAACGTA 

30 

(2) INFORMATION FOR SEQ ID NO: 3: 

<i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 552 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: cDNA 
(ix) FEATURE: 

(A) NAME/KEY: Coding Sequence 

(B) LOCATION: 1...540 
(D) OTHER INFORMATION: 


(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 3: 

ATG GGC A6C AGC CAT CAT CAT CAT CAT CAC AGC AGC OGC CTG OTG CCG 
Met Gly Ser Ser His His His His His His Ser Ser Gly Leu Val Pro 

CGC GGC AGC CAT ATG GCT AGC ATG ACT GGT GGA CAG CAA ATG GGT CGC 
Arg Gly Ser His Met Ala Ser Met Thr Gly Gly Gin Gin Met Gly Arg 
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GGA TGG GAA TTC GCT GGC TTT GTT GGT AAC AAA GCA GTG GTT GAG GCA 144 
Gly Trp Glu Phe Ala Gly Phe Val Gly Asn Lys Ala Val Val Gin Ala 
35 40 45 

GCG GTT ACT ATT GCA GCT CAG AAT ACA ACA TCA GCC AAC TGG AGT CAG 192 
Ala Val Thr lie Ala Ala Gin Asn Thr Thr Ser Ala Asn Trp Ser Gin 
50 55 60 

GAT CCT GGC TTT ACA GGG CCT GCT GTT GCT GCT GGT CAG AAA GTT GGT 240 
Asp Pro Gly Phe Thr Gly Pro Ala Val Ala Ala Gly Gin Lys Val Gly 
^5 70 75 80 

ACT CTC AGC ATT ACT GCT ACT GGT CCA CAT AAC TCA GTA TCT ATT GCA 288 
Thr Leu Ser lie Thr Ala Thr Gly Pro His Asn Ser Val Ser He Ala 
85 90 95 

GGT AAA GGG GCT TCG GTA TCT GGT GGT GTA GCC ACT GTC CCG TTC GTT 336 
Gly Lys Gly Ala Ser Val Ser Gly Gly Val Ala Thr Val Pro Phe Val 
100 105 110 

GAT GGA CAA GGA CAG CCT GTT TTC CGT GGG CGT ATT CAG GGA GCC AAT 3 84 

Asp Gly Gin Gly Gin Pro Val Phe Arg Gly Arg He Gin Gly Ala Asn 
115 120 125 

ATT AAT GAC CAA GCA AAT ACT GGA ATT GAC GGG CTT GCA GGT TGG CGA 432 
He Asn Asp Gin Ala Asn Thr Gly He Asp Gly Leu Ala Gly Trp Arg 
130 135 140 

GTT GCC AGC TCT CAA GAA ACG CTA AAT GTC CCT GTC ACA ACC TTT GGT 48 0 

Val Ala Ser Ser Gin Glu Thr Leu Asn Val Pro Val Thr Thr Phe Gly 
145 150 155 

AAA TCG ACC CTG CCA GCA GGT ACT TTC ACT GCG ACC TTC TAG GTT CAG 528 
Lys Ser Thr Leu Pro Ala Gly Thr Phe Thr Ala Thr Phe Tyr Val Gin 
165 170 175 

CAG TAT CAA AAC TAACTCGAGC CC 552 
Gin Tyr Gin Asn 
180 


(2) INFORMATION FOR SEQ ID N0:4: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 180 amino acids 

(B) TYPE: amino acid 

(C) STRANDEDNBSS : single 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: protein 
(v) FRAGMENT TYPE: internal 

(xi) SEQUENCE DESCRIPTION: SEQ ID N0:4: 


wo 98/03656 


PCT/US97/12639 


23 


Met Gly Ser Ser 

His 

His 

His 

His 

His 

His Ser Ser Gly Leu 

Val 

Pro 

X 

5 





10 

15 


Arg Gly Ser His 

Met 

Ala 

Ser 

Met 

Thr 

Gly Gly Gin Gin Met 

Gly 

Arg 

20 





25 

30 



Gly Trp Glu Phe 

Ala 

Gly 

Phe 

Val 

Gly 

Asn Lys Ala Val Val 

Gin 

Ala 

35 




40 


45 



Ala Val Thr lie 

Ala 

Ala 

Gin 

Asn 

Thr 

Thr Ser Ala Asn Trp 

Ser 

Gin 

50 



55 



60 



Asp Pro Gly Phe 

Thr 

Gly 

Pro 

Ala 

Val 

Ala Ala Gly Gin Lys 

Val 

Gly 

65 


70 




75 


80 

Thr Leu Ser lie 

Thr 

Ala 

Thr 

Gly 

Pro 

His Asn Ser Val Ser 

He 

Ala 


85 





90 

95 


Gly Lys Gly Ala 

Ser 

Val 

Ser 

Gly 

Gly 

Val Ala Thr Val Pro 

Phe 

Val 

100 





105 

110 



Asp Gly Gin Gly 

Gin 

Pro 

Val 

Phe 

Arg 

Gly Arg He Gin Gly 

Ala 

Asn 

115 




120 


125 



lie Asn Asp Gin 

Ala 

Asn 

Thr 

Gly 

He 

Asp Gly Leu Ala Gly 

Trp 

Arg 

130 



135 



140 



Val Ala Ser Ser 

Gin 

Glu 

Thr 

Leu 

Asn 

Val Pro Val Thr Thr 

Phe 

Gly 

145 


150 




155 


160 

Lys Ser Thr Leu 

Pro 

Ala 

Gly 

Thr 

Phe 

Thr Ala Thr Phe Tyr 

Val 

Gin 


165 





170 

175 



Gin Tyr Gin Asn 
180 

(2) INFORMATION FOR SEQ ID NO: 5: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 435 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS : single 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: Genomic DNA 
{ix} FEATURE: 

(A) NAME/KEY: Coding Sequence 

(B) LOCATION: 1...432 
(D) OTHER INFORMATION: 


(Xi) SEQUENCE DESCRIPTION: SEQ ID NO: 5: 

GCT GGC TTT GTT GGT AAC AAA GCA GTG GTT CAG GCA GCQ GTT ACT ATT 48 
Ala Gly Phe Val Gly Asn Lys Ala Val Val Gin Ala Ala Val Thr He 
15 10 15 

GCA GCT CAG AAT ACA ACA TCA GCC AAC TGG AGT CAG GAT CCT GGC TTT 96 
Ala Ala Gin Asn Thr Thr Ser Ala Asn Trp Ser Gin Asp Pro Gly Phe 
20 25 30 

ACA GGG CCT GCT GTT GCT GCT GGT CAG AAA GTT GGT ACT CTC AGC ATT 144 
Thr Gly Pro Ala Val Ala Ala Gly Gin Lys Val Gly Thr Leu Ser He 
35 40 45 


WO9R/03656 


PCTaJS97/12639 


24 

ACT GCT ACT GGT CCA CAT AAC TCA GTA TCT ATT GCA GGT AAA GGG GCT 192 
Thr Ala Thr Gly Pro His Asn Ser Val Ser He Ala Gly Lys Gly Ala 
50 55 60 

TCG GTA TCT GGT GGT GTA GCC ACT GTC CCG TTC GTT GAT GGA CAA GGA 240 
Ser Val Ser Gly Gly Val Ala Thr Val Pro Phe Val Asp Gly Gin Gly 
€5 70 75 80 

CAG CCT GTT TTC CGT GGG OGT ATT CAG GGA GCC AAT ATT AAT GAC CAA 288 
Gin Pro Val Phe Arg Gly Arg He Gin Gly Ala Asn He Asn Asp Gin 
85 90 95 

GCA AAT ACT GGA ATT GAC GGG CTT GCA GGT TGG CGA GTT GCC AGC TCT 336 
Ala Asn Thr Gly He Asp Gly Leu Ala Gly Trp Arg Val Ala Ser Ser 
100 105 110 

CAA GAA ACG CTA AAT GTC CCT GTC ACA ACC TTT GGT AAA TCG ACC CTG 384 
Gin Glu Thr Leu Asn Val Pro Val Thr Thr Phe Gly Lys Ser Thr Leu 
115 120 125 

CCA GCA GGT ACT TTC ACT GCG ACC TTC TAG GTT CAG CAG TAT CAA AAC T 433 
Pro Ala Gly Thr Phe Thr Ala Thr Phe Tyr Val Gin Gin Tyr Gin Asn 
130 135 140 

AA 435 

(2) INFORMATION FOR SEQ ID NO: 6: 

(i> SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 144 amino acids 

(B) TYPE: amino acid 

(C) STRANDBDNESS : single 

(D) TOPOLOGY: linear 

<ii) MOLECULE TYPE: protein 
(v) FRAGMENT TYPE: internal 

(Xi) SEQUENCE DESCRIPTION: SEQ ID NO: 6: 

Ala Gly Phe Val Gly Asn Lys Ala Val Val Gin Ala Ala Val Thr He 

15 10 15 

Ala Ala Gin Asn Thr Thr Ser Ala Asn Trp Ser Gin Asp Pro Gly Phe 

20 25 30 

Thr Gly Pro Ala Val Ala Ala Gly Gin Lys Val Gly Thr Leu Ser He 

35 40 45 

Thr Ala Thr Gly Pro His Asn Ser Val Ser He Ala Gly Lys Gly Ala 

SO 55 60 

Ser Val Ser Gly Gly Val Ala Thr Val Pro Phe Val Asp Gly Gin Gly 
65 70 75 80 

Gin Pro Val Phe Arg Gly Arg He Gin Oly Ala Asn He Asn Asp Gin 

85 90 95 

Ala Asn Thr Gly He Asp Gly Leu Ala Gly Trp Arg Val Ala Ser Ser 

100 105 110 

Gin Glu Thr Leu Asn Val Pro Val Thr Thr Phe Gly Lys Ser Thr Leu 

115 120 125 

Pro Ala Gly Thr Phe Thr Ala Thr Phe Tyr Val Gin Gin Tyr Gin Asn 
130 135 140 
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WE CLAIM: 

1. A method for detecting anti- Salmonella enteritidis 
antibodies in animals, the method comprising: 

reacting a sample obtained from an animal with a 
truncated Sefl4 antigen under conditions to permit anti- 
Sefl4 antibodies to bind the antigen, the truncated antigen 
having at least the native Sefl4 signal peptide removed; 
and 

correlating antibody -antigen binding with the presence 
of anti-SE antibodies in the sample. 

2. A method for diagnosing Salmonella enteritidis 
infection in animals, the method comprising: 

reacting a sample obtained from an animal with a 
truncated Sefl4 antigen under conditions to permit anti- 
Sefl4 antibodies to bind the antigen, the truncated antigen 
having at least the native Sefl4 signal peptide removed; 
and 

correlating antibody-antigen binding with Salmonella 
enteritidis infection. 

3. The method of claim 1, wherein the truncated Sefl4 
antigen has the amino acid sequence of Sequence ID. No. 4. 

4. The method of claim 1, wherein the truncated Sefl4 
antigen has the amino acid sequence of Sequence ID. No. 6. 

5. The method of claim 1, wherein said antigen is fixed to 
an inert surface prior to said reacting. 
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6. A Sefl4 antigen consisting essentially of the amino 
acid sequence of Sequence I.D. No. 6. 


7. An assay kit for the detection of anti-SaJmoneJla 
enteritidis antibodies comprising an Sefl4 antigen 
consisting essentially of the amino acid sequence of 
Sequence ID No. 6. 


8. The assay kit of claim 7, wherein the antigen consists 
essentially of the amino acid sequence of Sequence ID. No. 


4 


9. An antigen for stimulating the production of anti- 
Salmonella enteritidie antibodies comprising the amino acid 
sequence of Sequence ID No. 4 or 6. 

10. The method of detecting ant i- Salmonella enteritidis 
antibodies described in any of the foregoing claims, 
wherein the animal samples are obtained from fowl, and 
particularly from chickens or turkeys. 
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